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ABSTRACT

To establish the incidence of and fisk factors for training injuries and

illness, 310 U.S. Army Trainees (124 men and 186 women) were followed

prospectively through one basic combat traininq (BCT) cycle of eight weeks

duration. During BCT 51% of females and 27% of males were injured. Females

suffered 481 days of limited duty secondary to injury while males incurred 99

days of limited duty.

For females slow mile time, low number of push ups and sit ups, high and

low body mass index, and short and tall stature were associated with increased

risk and injury during BCT. For males slow mile time, high body mass index

and low levels of previous physical activity were associated with increased

risk for injury. When risk of injury for females versus males was adjusted for

physical fitniss ievel there was no difference in risks between them.

In regard to illness, 48% of females and 35% of males reported on sick

call for an illness of some kind. However, if risks of illness were compared

excluding gynecological complaints, the risks were 37% for females and 35% for

males. Also 26% of females and 28% of males required medical care for an

upper respiratory tract infection (URI). The total number of days of limited
J..L.. J... A ' I... ... t.. .. ... .~ 0 ... .. 0 .~C i CrllIr

uuy uLu tu Il lIs 'or -IIiais was and for Ia-ts 19, - -- --econdr- to

upper respiratory tract infection. For females low level of prior physical

activity was associated with increased risk of having an upper respiratory

tract infection, while for males '':th slow mile times and low levels of prior

activity were associated with risk of an upper respiratory tract infection.

Major conclusions dravn from this study of a population of male and female

trainees were that injury was the major cause of morbidity and that higher

risks for injury and to some extent illness were associated with low levels of

initial fitness and low lcvels of prior physical activity.
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IPIT OD'.!CTION

Injuries and illnesses are common occurrences in military populations even

in peace time (Health of the Army supplement on infectious and parasitic

disease and on injury 1981). The incidence of musculoskeletal injuries

(Bensel 1983, Kowal 1980, Reinker 1979) and upper respiratory tract infections

(Brundage 1988) are especially high during the early phases of Army initial

entry training. Data from several authors (Bensel 1976, 1983 and Kowal 1980)

suggest that the incidence of musculoskeletal injuries during military Basic

Combat Training is of "epidemic" proportions. On the other hand, the

incidence of illness, in particular upper respiratory tract infections and

meningitis, scems to be fairly well controlled by preventive measures such as

vaccines and morbidity is limited by use of antibiotics. Unfortunately,

routine data are only maintained for injuries and illnesses resulting in

hospitalization, while most of the complaints, espccially for injuries, are

treated on an out patient basis. Thus the full magnitude of the injury

epidemic in partizular is not known.

In regard to training injuries, there is a growing suspicion in sports

medicine circles that many common athlet.ic, especially running injuries can be

prevented by judicious training practices. Because the nature of the training

and the injuries incurred during Army training are so similar to those

experienced by civilian athletic populations, particularly runners and

joggers, it seems reasonable to assume that Army training injuries should

also to some extent be preventable (Jones, 1983). Despite the strong

,ti orinnn thArrA . little good evidence identifying specific risk factors or
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documenting the efficacy of preventive strategies for training-related

injuries. There is even less evidence regarding the associations between

physical training, fitness and illness.

The following background discussion will focus on what is known about

physical training-related injuries in military and to some extent civilian

populations. This will be followed by a brief discussion of the effects of

physical training on the likelihood of illness. Subsequently the methods and

results of a training Injury study of male and female Army trainees conducted

at Ft Jackson in 1984 will be described. The incidence of injury and time lost

from training for trainees at Ft Jackson will be reported and compared to the

morbidity due to illness. Also, risk factors for injury and illness

identified by this study will be discussed. Finally, the results of the

present study will be discussed in the context of the available military and

civilian literature on training-related morbidity from injuries and illness.

BACKGROUND ON TRAINING INJURIES

It is becoming incieasingly obvious that physical training-related

injuri s are a significant, if not epidemic problem for the Army and the other

military services - a problem that has to a large extent been overlooked until

recently. As a consequence there are few military studies published on this

problem and most are not designed well enough to provide reliable incidence

data, let alone to identify risk factors for training-related injuries. Also,

most of the available literature deals w-- L asic Training populations, few

est-ma tk 4- h-ost 4 -ath ns the A rm . n....ts it Arm e

estimated that three to five thousand hospitalizations occur ;,nrjal ly Army



wide as a result of physical training and sports participation - about 7

hospitalizations per 1000 man-years (Health of the Army supplement on injury

1982). These injuries account for about 10,,000 hospital man-days a year.

Hospital admissions represent only a small portion of the problem, however,

since the vast majority of training injuries are treated cn an outpatient

basis. This is problematic because even those injuries such as stress

fractures treated on an outpatient basis can be disabiing, causing victims to

miss training or duty and in some instance to be discharged from the Army

(Bensel 1983, 1976, Kowal 1980).

Among trained soldiers at Ft Lewis, Washington, Tomlison (1987) found

there were 80 injuries per 100 troops per year. Fifty five percent of these

injuries were the result of exercise or sports related activities. Also,

about 50 percent of these injuries resulted in some type of restriction of the

soldiers duties.

While the above rates for trained troop. may seem high, the incidence for

Basic trainees is much higher. Observations from several studies indicate

that the cumulative risk of injury over the 8 week basic combat training cycle

is about '", percent for males and 50 perrit fvr fe,0a1es k. nso! 1983, Kowa!

1980). Also, parenthetically the relative risks for females to males is

consistently about 2 to 1.

Despite the evidence that training-related injuries are a sigrificant

problem for the Army little is currently being done to actively prevent them.

To a large extent this is because the etiology of most injuries is poorly

understood and because of the long held belief that such injuries are in a

3



sense "the cost of doing business" for the Army and other physically active

populations.

The spectrum of injuries seen among Army trainees and soldiers is simi!ar

to that observed in civilian runners and jrggers (Jones 1983), which suggests

that weight-bearing physical training may be the primary risk factor for such

injuries. Lower extremity injuries attributable to overuse, like those seen

in runners, account for over 50 percent of the injuries to basic trainees in

the Army (Jones 1983, Kowal 1980, Reinker 1979). Unfortunately, there are no

good military studies on injury prevention and the civilian sports medicine

literature is also for the most part anecdotal providing little useful

guidance for injury prevention. The preponderance of the current hypotheses

concerning the causation and prevention of training and sports injuries is

based on case series reports (Koplan 1985; Walter 1985, Powell 1986). These

type studies, case series, provide no means of calculating and comparing risks

within different populations or subpopulations and therefore do not support

conclusions about causality or prevention. Thus, while there is an abundance

of clinical data to direct our treatment of training injuries, there is

virtually no epidemiologic foundation upon which preventive strategies can be

built. ihe only clearly 1dent;fied risk factor to date ir higher running

mileage (Pollock 1982, Koplan 1982, Blair 1987, MArti 1988).

One naive strategy would seem to be to decrease the volume of running ar]

marching mileage. However, the Army and other services are in a double-bind in

this regard. Although activities like running and marching appear to be the

most significant risk factors fur overuse type training-related injuries, they

are also the most economical and erficient means of developing 2erobic

4



fitness. Endurance is an essential component of the type of fitness demanded

for military-preparedness (FM 21-20), because marching is frequently the only

practical way to move large number of troops from one loaction to another over

fairly extended distances sometimes with loads of 50 to 100 pounds.

Furthermore, increased endurance and transportation are not the only

beneficial results of aerobic weight-bearing activity. There is growing

evidence that routine physical activity is a protective factor against

card;ovascular disease EMMWR 36(26): 426-430, 1987, Paffenbarger 1984,

Paffenbarger 1987, Paffenbarger 197&] and other causes of morbidity and

mortality (Paffenbarger 1987, Siscovick 1985). The evidence supporting the

health benefits of routine exercise and activity is strong enough that the

U.S. Public Health Service has made increased pl.ysical fitness of the American

public one of its 15 objectives for 1990 (Promoting Health/Preventing disease:

Objetives for the Nation, US DHHS 1980, Healthy People, S~s Report, US DHEW

(PHS) 1979). For similar reasons the Army and other services have recognized

a need for and have placed increased emphasis on the development and

maintenance of physical fitness. Exercise which includes weight-bearing

aerobic activities is encouraged to maintain arid prolong the health of service

rneJ;;) M ~ vIUu ' I L SV - 'Cc-,.. .. . .f n! a-e ar no r e d toZZ. 6 VM- U- n I I -

demonstrate adequate fitness levels on a standard physical training test (2

mile run, push ups and sit ups) twice a year.

Because of the compelling logistic and health reasons for the Army to

maintain the fitness of soldiers through marching, running and similar

activities, it is unlikely that any aspect of physicol training will be

abandoned simply to reduce the number of injuries especially it fitness will

5



be adversely affected. Therefore it will be especially important to identify

risk factors for injury that can be modified to reduce injury rates while

maintaining the sz.- or nearly the same levels of fitness as currently

observed in troops.

Potential risk factors for training-related injury can be divided into two

crude categor;es - intrinsic and extrinsic factors (Jones 1987). Intrinsic

risk factors are inherent characteristics of the individual such as gender,

age, body composition, fitness level and so forth. Extrinsic risk factors are

variables outside of the individual such as environmental conditions, terrain

features, equipment (shoes, boots, insoles and the like), and training

parameters (intensity, duration and frequency of an activity).

Risk factors cited in the literature which clearly need further study

include:

1. Gender (Blair 1987, Koplan 1985, Bensel 1983, Kowal 1980, Reinker 1979)

2. Age (Powell 1986, Koplan 1985)

3. Body composition (Koplan 1985, Kowal 1980, Bensel 1976)

4. Anatomic factors (Clement 1981, James 3978, Bensel 1976)

5. Level of physical fitness (Koplan 1985, Kowa! lYBO)

6. Prior health (Koplan 1985)

7. Equipment (Jones 1983, Gardner in press)

8. Training program parameters such as intensity, duration, and frequency

of activity (Blair 1987, Powell 1986, Koplan 1985, 1982, James 1976)

Although not all of the listed risk factors are modifiable, most of them

should nevertheless be studied simultaneously. It is necessary to gzther

information on unmodifiable factors such as sex, age and anatomy to determine

6



their impact on risk and to control for any confounding effect they may have

on other potential risk factors even when the primary interest is to identify

or determine the effect of modifiable rt5k factors.

BACKGROUND ON ILLNESSES

Regarding the impact of illness on the health of the Army, it has been

well documented that during all major military conflicts involving the United

States from the Civil War through the Vietnam conflict the major cause of

serious non-fatal morbidity (hospitalization) has been disease (Reister, FA

1975, and Health of the Army Supplements 1969-1970), primarily infectious

disease. However, in the peacetime Army of today accidents and injuries

(Health of the Army Supplement on Injury 1982) appear to be the most common

cause of hospitalization and time lost from duty. The available statistics

only examine ccnditions which are hospitalized, so the relative proportion of

outpatiert morbidity attributable to infections and other disease versus

injury is not documented.

Furthermore, the relationship between vigorous training activities and

illness in military populations have not been documented. Although there is a

presumption that rigorous physical training or overtraining may have a

deleterious effect on health this has not been demonstrated one wa) or the

other for military or civilian populations (Simon 1987, 1984). While, the

short term effect of physical fitness on likelihood of infectious or other

disease has not been well documented, there is some data on the reverse effect

of infectious disease on physical performance where it has been documented

that physicai performarce deteriorabe jut ii 1085, Fr 5 n

1985, Roberts 1986).

7



A study of Army trainees conducted at Fort Jackson in 1984 will be

described next. This study examined primarily inrinsic risk fa'ztors for

illness and injury, and attempted to asvablish the reiative amounts of

morbidity expectable secondary to injury and illness among Army trainees.

PURPOSE OF THE STUDY

In a recent review of injuries in sports and recreation Kraus and Conroy

(1984) stated:

"From a public health prospective, well designed epidemiological studies

dentifying populations at risk and factors associated 'ith injury causation

are fundamental to the development of prevantive strategies".
I

They also argue that to ful!y address the public health concerns regarding

injuries, data is needed not only on specific injuries, but also on the

medical costs, time lost from work, disability, and other less apparent social

costs.

It wis the objective of this study to address some of the concerns raised

b, Kr_-S -.an Conro, 111085) in the context of Army Rncir rnmkhit Trninn ThA

specific objectives of this study were as follows:

1. To document the incidence of training-related injuries among male and

female trainees. Also, to account for the amount of disability and time lost

from duty due to injury.

2. To determine the impact of entry level physical fitness and related

factors on the risks of injury in males and females.



3. To establish the relative risks of injury for males and females.

4. To document the incidence of illness among trainees and to contrast the

incidence of illness and associated disability with that of injury.

Our primary hypothesis was that low levels of entry level fitness

predispose individuals to a greater risk of injury and to a lesser extent

illness. Furthermore, it was our suspicion that to a large extent the

observed differences in incidence of injury between males and females is due

to the !ower levels of fitness among women entering the Army.

SUBJECTS

Three hundred ten Army trainees (124 males, 186 females) were followed

prospectively through the entire eight weeks of Army Basic Combat training.

Descriptive characteristics and physical fitness of males and females can be

seen in table 1. The median age for males was 19 years and for females 20

years. Sixty five percent of males were white, 21 percent black, and 14

percent other racial groups. Fifty four percent of females were white, 35

percent black, and 11 percent other racial groups. In regard to past physical

activity and sports participation, 12.1 percent of males and 28.5 percent of

females had been sedentary, participacing in no sports or active recreation

prior to military service. At the other end of the activity spectrum, 54.8

percent of males had participated in varsity sports in high school or college,

while only 40.8 percent of females had participated at a similar level. Thus

a significant portion of the population observed was fairly active before

entry to the Army, however, a sizeable portion of both genders professed

sedentary lifestyles.

9



Prospective subjects were all male and female trainees at the Fort Jackson

Reception Staticn who had been through their initial entry processing and were

ready to join training units. These trainees arrive in a semi-random fashion

from locations around the United States and are first processed and then held

at the reception stations until enoug!; individuals arrive to fill a company

size unit (150-200 trainees). Males and females were placed in separate units

based on gender.

METHODS

This study was conducted between 14 January and 14 March 1984 3t Fort

Jackson, SC. Initially 391 individuals were available and all volunteered and

were screened for the study after being informed of its nature. All of the

males screened (n=156) were placed in one company, however, 56% of the

original population of females (n=235) were placed in one female company and

the remaining 44% filled another. All three hundred and ninety one males and

females were measured for height, weight, aoid percent body fat. These same

391 volunteers were given a questionnaire on past physical activity and

sports participation. However, 21.3 percent of those initially measured

(22.0% of males and 20.9% females) were lost to follow-up prior to the time

their medical records were screened in the last week of training. Individuais

were lost to follow-up as a result of early discharge from the Army, transfer

to another unit or failure to begin training in the first place (see appendix

1 for a description of those lost to follow-up). Thus the study population

analyzed for the occurrenc- of injury and illness was 310 trainees as stated

above.

10



Data co~lected on subjects included objective measurements consisting of

anthropometric measurements (.[ height, weight and percent body fat, an'

physica! fitness data collectid by means of an initipl and finFi physical

fitness test (a timed run, pushups, and situps). Subjective measures of

fitness and activity were also obtained by means of a questionnaire.

Each of the anthropometric and fitness measurements and the activity

questionnaire wili be described in detai! in the following sections.

1. Objective measures

a. Anthropometric measures: Height was meatured in centimeters (to

nearest O.Sctr) with an anthropometer, while wcight was measured in ki~ograis

(to nearest .1kg) on a scale that was calibrated daily. For the height and

weight meazures male ana female subjects were barefooted and dressed in T-

shirts and shorts. Body mass index (Quetelbt index) was calculated from

height and weight meahureb by the -ormula - weight (kg)/ height2 (m) X height

(m)(Revicki DA, AJPH 1986). Percent body fat was also estimated by measuring

skinfolds at four sites (biceps, triceps, subscaplar, and suprailiac) with a

caliper according to the techniques ci Durin and Wcniersley (1974). These four

sites were each measured three separate times and the averages for each site

were then added together and the sum was used to determine the age and sex

adjusted percent body fat (Durnin 1974).

b. Physical fitness test measures: Army physical training test scores

were used as an objectiva measure of pre and post-training physical fitness of

both male and fer.ale trainees Initial entry fitness was assessed in the first

7 to 10 days by a "Diagnostic Physical Training Test". This test consisted

f a one m;e run for t.imn A, many push-ups as an individual could do in two
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minubos and as many sit-ups as posszb!e in two minutes. Ihe mile was run oi a

track ana each individual's laps were counted ard their finishing timu

recorded by official observers, usually Driil Instructors. Likewise, time for

doing push-up and sit-ups was officially monitored and the number of push-ups

and sit-ups performed by each trainee were counted and observed for correct

form by an ofiicial observer. The final physical fitness test, the "Army

Physical Readiness Test" IAPRI) as it was then zalled, was performed in the

last week of training. The final test was conducted in the same manner as the

initial test except that instead of a one mile run, each trainee was required

to run two miles for time. The time for doing push-ups and sit-ups was two

minutes as with the earlier test. These Army physical fitness tests were

conducted in a uniform m-ra er for both males and females as specified in the

Army Fie. anual (FM) 2--20, 1980.

Some trainees did rot take the initial and final physical training (PT)

tests. Reasons for not taking The test were assignment to details such as

kitchen patrol, or medical restrictions of duty for prior irjury or illness.

Seventy nine males (64%) took the entire initial Pf test and 98 (79%) took

some portion of the test. One hundred forty females (75%) took the entire

initial test and 163 (88%i tool, at least part of the test. One hundred and

one (81%) males and 152 (82%) females completed the final PT test. When

results of these PT tests or statistics based on them are reported ir. tables

or text the numbers (n) involved will bo reported.

2) Subjective measures (questionnaire)
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The activity questionnairu was -d-:n'sL..red to trainoee. in two groups on

two separate occasions. The questionnaire was delivered in the same manner

each time by the same monitors. Detailed standardized directions were given

for each question and each question was road out loud to the entire group by

one of the Poritors. Activity and sports participation was assessed by the

following approach,

a. Current activity: Volunteers were ask&J to circle the activities on a

list of activities which they did on a regular basis in the last 6 months.

Regular activity was defined as 2 or more times per week at least 3 weeks per

month. The list included activities such as running, walking, weijht lifting,

baseball, soccer etc. or othe- (for a complete list see questionna;re in

appendix 2).

b. Past activity: Individuals were asked to list physical activities that

they had done in the past, how many years they had done the listed activity,

and to list what year was the last oFe they had done it.

c. Never active: Individuals wera determined to have never been active, if

they did not circle or list any current activities and if they listed no past

physical act;vities.

d. Years of exercise: The years of regular exercise were determined by

adding up the number of years of pas,; activities listed.

c. Athletic status: Subjects were asked if they participated in high

school or college sports. if they answered ' tbny wOru aCKU d , wilat
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level - varsity competition in high school or college, other organized school

or club sports (e.g. intramurals or YMCA), or non-routinely organized games

and activities with friends (e.g. pick-up games etc.).

f. Self-assessed activity level: Individuals were asked how they would

describe their lives in terms of activity level prior to enterir.g the Army --

not very active, average, active, or very active. A question similar to this

one was validated by Washburn et al (1987).

3. Physical Training Program:

While actual amounts of daily physical training were not documented, in

general training for all males as a group was the same, and likewise for

females. This is trtte because virtually all conditioning of trainees was done

at the unit level ac.:ording to a standardized program of instruction.

Furthermore, there is little time for individual fitness or sports activity

during basic training. However, because the males and females trained in

separate units the training between genders, though similar, was not identical

with the training of women being less rigoruus than for men.

n ..i... a I i a g -,;;. .. a c "uct d d a i I Yb S y f v n r

days per week usually in the morning. The normal training day began between 5

and 6 AM with calisthenics and stretching followed by a run. Calisthenics

usually tfok 30 minutes to one hour, while the daily run distances were

increased progressively over the duration of the 8 week training period. Runs

progressed from 1/2 to 1 mile per day in the first 2 weeks to 2 to 3 miles

per day by the last week and as much as 5 miles on occasion. Weekly run

mileage for a unit generally increased from 3 or 4 miles for the first week to
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10 to 15 miles per week by the end of the training cycle. While not a part of

the physical training program per se, additional training effects and stress

to the musculoskeletal system resulted from weight-bearing activities like

marching and drill and ceremony. Drill and ceremony might entail marching in

formation and close, order drills for one or two hours per day. Also, on any

given day there would usually be at least one or two miles of marching to and

from training sites. Additionally, the program of instruction for basic

training for males and females required two longer road marches with full

combat gear. These marches were specified to be of at least 6 to 8 miles in

length for the first march and 8 to 10 miles for the second. Thus it was

possible for troops to perform of 30 or 40 miles per week of weight-bearing

training,i.e. running and marching. Other physiologic and musculoskeletal

stressors included such activities as obstacle courses, confidence courses,

hand to hand combat xraining, and rifie-.yvi.ett tra " .

4. Medical data

Medical data was gathered by means of a 100 % record review of every

volunteer whether or not they were injured. On entry to the service a medical

record is established for every trainee. If nothing el .e this record contains

their entry physical exam and shot records. Trainees are required to check

this record out and take it with them for every sick call visit. Also, he2lth

care providers are required to place a clinical note in the record of each

trainee examined. These records were screened and information was transcribed

to data forms for all trainees with one or more sick calls visits (clinic

visits for medical treatment).
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For injuries the medical data transcribed was the date of the injury, the

diagnosis (e.g. stress fracture, ankle sprain, contusion etc.), the location

of the injury (i.e. right arm, left ankle etc.), the disposition (i.e. return

to duty, light duty, no duty, hospital etc.), and the number of days of

medical restriction of duty if any.

For illnesses the data transcribed was the date of the visit, the

diagnosis (i.e. cold, flu, gastritis, urinary tract infection etc.), the

system involved (i.e. upper respiratory tract, lower gastro-intestinal tract,

urinary tract etc.), the disposition, and the number of days of medically

restricted duty.

a. Operational definitions of injury:

Because of the small sample size this operational definition of injury was

employed for most anai)'yes, especially for contrasting levels of risk factors

for injury among males and females. The most common delinition of injury

applied was any sick call visit for a complaint of musuloskeletal pain,

disability or trauma.

A more restrictive operational definitions employed in some analyses was a

musculoskeletal complaint for which a day or more of medically restricted duty

was prescribed.

Some other more specific definitions were employed such as stress

fractures and these will be identified in the appropriate locations in the

text and/or tables.
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b. Operational definition of illness:

The primary operational definition of illness used was simply any sick

call visit for a medical complaint ether than an injury, usually conditions

such as colds, influenza, diarrhea, rashes etc.

As with injury a more restrictive definition of illness was employed in

some instances and stipulated consideration of only illnesses for which a day

or more of medically restricted duty was prescribed. Medical restrictions for

illnesses were most commonly due to upper respiratory tract infections (URI)

which were accompanied by a fever of 100 degrees F or more. These

restrictions usually entailed hospitalization on the URI ward.

Be-ause of their prevalence analyses were carried on to specifically

identify risk factors for upper respiratory tract infections. An upper

respiratory tract infection was defined as an illness with symptoms such as

"sore throat" and "runny nose", accompanied "headache", "muscle aches", or

fatigue %ith or without documented fever.

5. Analytical methods

Data was analyzed using BMDP ctatistical packages to perform t-tests,

cross tabulations and Mantel-Haenszel (MH) Chi-squares (BMDP statistic.,I

manual, 1985). Comparisons of means f3r mal( and female anthropometric and

fitness measures were performed usihv t-test.s. Contrasts of incidence of

injury and illness between males 7nd iomales were first analyzed using simple

chi-squares and were later stratified and analyzed by fitness levels using MH
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chi-squares. Categorica! activity and fitness data were analyzed by comparing

the risks of subjectively assessed high risk groups against low, or baseline

reference groups. For continuous variables such as mile run time and BMI

males and females were divided into quartiles from low to high values or vice

versa. The risks of each level of fitness was then contrasted with what was

assessed to be the baselino or low risk group for each variable. For all

contrasts of risks the risk ratios (RR) (risk in group of interest/ risk of

baseline reference group or level) were calculated and either 90 or 95 percent

confidence intervals (CI) were drawn using the methods described by Rothman

(1986). Pisks between contrasted levels were considered to be significantly

different if the 95% CIs of the risk ratios did not encompass one (the null

value for RRs). If only the 90% CI did not encompass 1, the results were

considered to be marginally significant, highly suggestive and worthy of

further investigation. Finally, a stepwise logistic regression model was

developed using BMDP software.

In the analysis, the two female units were treated as one group since the

injury rates were the same (52% versus 49%, Chi sq=.23,p=.g) as were their

average anthropometric and fitness scores (see Appendix 8).

RESULTS

1. Incidence of injury

It is apparent from the data collected that the incidence of sick call

visits for musculoskeletal complaints is quite high during Army basic

training. The cumulative incidence (risk) for females, 50.5%, was almost

twice the 27.4% ubserved for rales, a significant difference in risks

(RR=l.84,p < .05, seQ table 2).
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The incidence of injury as defined by other operational definitions for

injury occurrence, also demonstrated a greater cumulative incidence of injury

among women. Confining the definitions to lower extremity injuries only, the

cumulative incidence for women was 44.6% versus 20.9% for men, a significant

differonce [RR=2.13, 95% confidence interval (CI) 1.46-3.10) p(.05, see table

2]. For clinically diagnosed stress fractures and stress reactions of bone

the incidence for women and men were 11.3% and 2.4%, respectively (RR-4.6, p<

.05, see table 2). The incidence of injury using a more conservative

definition of injury, i.e. one requiring a day or more of medically restricted

duty, we can see that the incidence for females is also higher than for males,

30.2% versus 20.2%, a difference marginally significant at the .05 level (see

table 2). It is also, worthy of note that the rates of days lost are about

three times as high for women as men. Women lost 32.2 days per 100 person-

weeks compared to 10.0 days per 100 person-weeks for men.

The majority of injuries were lower extremity musculoskeletal complaints.

For males 88% of all injuries were lower extremity conditions and for females

92%. The most commonly reported musculoskeletal complaints are listed in

table 3. For males the most frequent types of injury seen as a percent of the

total injurss musculske!et! pain (att-ibuted to overuse)(32.7% of

complaints), low back pain (16.4%), tendonitis (14.5%), and sprains (10.9%).

For females the most common complaints were musculoskeletal pain (37.4%),

stress fractures (19.7%), muscle strains (16.3%), and sprains (7.5%) Thus

the distribution of injuries for men and women by type of complaint was

somewhat different.
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if we examine the distribution of injuries over time for males and

females, it is apparent that the incidence curves for both are similar in form

(see figure 1). As can be seen in figure 1, the rate of first sick call

visits rises fairly steadily for both gendrs through the fourth week after

which it declines sharply into fifth week rising sharply again for women in

the sixth week and in the seventh for men. The decline in injury rates for

males and females in the fifth week coincided with a week of bivouac, camping

out in the field, a time when they did little or no running or calisthenics.

It is also apparent from the epidemic curves that the rate of injury is higher

for women at virtually all points in time. The average weekly rate for women

was 9.9 new musculoskeletal complaints per 100 women per week, while the rate

for men was only 5.5 new complaints per 100 per week.

2. Risk factors for muiculoskelebal injury

The risks (cumulative incidence) of injury for men and women assessed by

objectively measured levels of fitness such as mile run times, number of push-

ups, percent body fat etc., demonstrated some fairly consistent patterns of

risk for both genders (see table 4a for women and table 4b fur e.. Perhaps

the most consistent and significant pattern of risk is for enduranre fitncss

as measured by mile run time. For both men and women the risk of injury is

slightly higher for the fastest quartile of trainees and then after the lowest

incidence in the second quartile the risks rise steadily in value and

significance for the next two qjartiles (see tables 4a and 4b). Comparing the

risks of injury for the slowest two quartiles of men to the fastest two, the

risks are 34% versus 12% with a risk ratio (RR) of 2.81, significant at p <
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.05, (95% (CI), 1.1 to 7.1). For women, the risks for the slow versus fast

groups with one or more injury are 59% versus 35% with a risk ratio of 1.69,

significant at P-%.O04, (95% CI, 1.17 to 2.46). Focusing on just lower

extremity musculoskeletal complaints, the risks of slow males compared to fast

ones is 29% to 10%, risk ratio 2.97 (p = .03, 95% CI, 1.03 to 8.53, see table

7). Comparing lower extremity injury risks in slow versus fast women, the

contrast is 54% to 31%, a risk ratio of 1.78 (p = .004, 95% CI, 1.2 to 2.7,

see table 7A). Comparisons of risk for other specific difinitions of injury,

such as stress fractures, exhibit similar trends of increased risk for the

slower trainees, but fail to reach levels of statistical significance because

of small numbers of these specific injuries.

From an administrative stand point, perhaps the most meaningful definition

of injury is time lost from duty or training due to medical -estriction. For

males 28.9% of the slow mile run group suffered a time loss injury, while none

of the faster ones did (p = .003 using Fisher's exact test, see table 6b).

Among females 38% of the slower trainees sustained a time loss injury compared

to 18% of the faster ones with a risk ratio of 2.1 (p = .008, 95% CI, 1.2 to

3.6, see table 6a). It appears that among both males and females those

trainees with lower levels of endurance on entry to the Army are at greater

risk of sustaining a musculoskeletal injury as defined by a variety of

criteria.

Of the other measured parameters of fitness the trend of association by

quartile of number of push-ups appeared the most similar for males and

females. For males the risks increased from a low of 13.6% for the quartile

of trainees doing the most push-ups to 33.3% for those doing the least (see

table 4b). For maieb ,,vi, ,f tS- strata by dCCS n..g -,n r nf minh-uns was
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significantly different than the baseline (those doing the most), but the

trend was suggestive. For women the risk increased in the same manncr from a

low of 37.5% for those doi.ig the most push-ups to 56.8% for those doing the

least. For females, however these differences were marginally significant

with an average risk of 54.5% for the lowest 3 quarti!es versus 37.5% for the

highest, a risk ratio of 1.45 (p < .1, see table 4a). In regard to sit-ups,

although some levels or strata appeared to be at elevated risk from the

baseline the patterns within and between genders were not consistent. Low

levels of ,.uscle endurance as measured by push-ups was possibly causally

associated with risk of injury, while this could not be said for sit-ups.

Percent body fat as measured by skinfolds did not appear to be associated

with injury for males or females, but body mass index (BMI) did. For both

males and females both te lowest, "leanest", and highest or "fattest"

quartiles appeared to be at increased risk of injury compared to the middle

quartiles (see tables 4a and 4b). For both genders the risk of injury for the

fattest quartile was significantly greater than the middle two. For males the

risk for the fattest group by BMI was 38.7% compared to 18.0% for the average

group, a risk ratio of 2.3 (p < .1, 90% CI, 1.2 to 3.9). The same contrast

for females was 63% iniured versus 42% for fat versus average, risk ratio 1.6

(p < .1, 90% CI, 1.1 to 1.6). How ro explain the different pattern of

association between body composition as estimated by skinfolds and BMI is not

clear.

Height was not associated with injuries among males (see table 4b). but it

was for females (see table 4a). Among women the third quartile by height was

at the least risk of injury at 30.27 in comparison tu 6i.21 iu, wi, tv crest

22



and 54.8% for the tallest. These contrasts of the short and tall female

trainees versus those just above the median height were both marginally

significant (see tables 4a),

Examination of subjectively reported measures of past and present physical

fitness from the questionnaire indicates that none of the descriptors of past

fitness are associated with injury for male: or females. Neither more total

years of exercise in the past or participation in varsity athletics imparted a

protective effect on male or female trainees (see tables 5b for males and

table 5a for females). For males however, one subjectively reported factor

was causally associated with likelihood of injury, self-assessed activity

level (see tables Sb and 6b). This was not true for females (see tables Sa

and 6a). In males the risks for any injury by activity level rose from the

baseline of 17.2% for the vey acti ve group to 25.5% for those simply active,

to 35.1% for those of average activity level up to 42.2% for those who were

not active. The contrast in risk between those who were "not active" or just

"average" to those who were "active" or "very active" was 36.4% versus 22.5%,

a risk ratio of 1.61 (p < .1, 90% CI, 1.0 to 2.6). When only injuries causing

a day or more of restricted duty were considered risks rose in a similar

fashion and the contrast between the two most inactive categories and the two

most active ones was 36.4% versus 11.3%, a risk ratio of *..23 (p < .1, 90% CI,

1.3 to 3.4, see table 6b). As discussed none of the self-report past or

present fitness factors were associated with injuries among women (see tables

5a and 6a), while male trainees reporting lower activity levels on entry to

the Army were at increased risk of injury(see tables 5 and 6).

3. Risk of injury for fema;es versus males re-evaluated

23



As reported above unadjusted risks of injury by all definitions were

greater for women than for men. It was also evident that for two of the

fitness variables, mile time and push-ups, the pattern of risk for m'an and

women were similar, increasing more or less steadily from the baseline, high

fitness group, to those of lower fitness. it also appeared possible that these

curves might overlap in the area of the least fit men and the most fit women.

Because of this a chi-square test was performed to compare the risks of men

and women who ran times between the median for men, 7.0 minutes, and the

median for women, 9.7 minutes. The risks for women (n=73) were 32.9% versus

31.7% for the men (n=41), a risk ratio of 1.04 which did not approach

significance (90% CI, .65 to 1.65) (see table 8). Subsequently, a Mantel-

Haenzsel Chi-square test stratifying women and men by tertile of mile time

(for combined genders) was performed with a resulting risk ratio of .93 which

was also not significant (p > .8, and 95 CT, .4 to 2.3) ' -' "-

MH chi-square was also performed stratifying by tertile of push-ups with a

resulting risk ratio of 1.35 for women versus men (p = .58, 95% CI, .61 to

3.06).

Additionally, a stepwise logistic regression model for injury was

developed which included as variables gender, age, race, athletic status,

self-assessed activity level, percent body fat, tertile of push-ups, tertile

of sit-ups and tertile of mile run time. The only two factors which entered

the model as significant causes were mile rur, time and sit-ups. Furthermore,

if fitness measures (mile time and sit-ups) were not included in the potential

variables, then gender was the only variable to enter the model as

significant. In summary, when men and women of comparable endurance and

strength were compared there was no difference in their respective risks of

injury.
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4. Risk of illness for male and fcwale trainees

The risks of making one or more sick call visits for illness were greater

for women than men, 48.4% versus 35.4% with a risk ratio of 1.4 (p = .03,

95%CI: 1.1 to 1.8 sea table 10). However, if gynecological complaints were

excluded from the comparison the risks of illness for women versus men were

the same 37.1% and 35.4%, respectively, (RR = 1.05, p< .05, 95% CI: 0.8 to

1.4, see table 10). The only specific illness for which a comparison was niade

was upper respiratory tract infecticons (URI). A similar percent of women and

men reported on sick call with URIs, 26.3% versus 28.2% (RR= .9, 95% CI: .7 to

1.4, see table 10). Likewise slightly fewer women than men required

hospitalization for URI because of a temper3ture greater than 100 degrees F

anid they lost slightly fewer days per week due to restriction (see table 10).

iy,, y two percent of the .ma!e complaints w,re secondary to URI compared to

73% for the females (see table 11). Other categories of illness reported were

dermatologic (i.e. rashes, fo!liculitis etc.) and gastro-intestina! (i.e.

gastritis, diarrhea etc.) conditions.

Since upper respiratory tract infections (URI) accounted for most of the

morbidity, tue remainder of the results on illness will focus on these

complaints. The epidemic curves for URIs in males and females can be seen in

figure 2. The distribution of URIs (figure 2) over time is similar for males

and females, and dissimilar from the patterns for injuries (figure 1). The

peak incidence of URIs occurred in the first two weeks for both men and women.

Fifty one percent of all URIs among males and 45% of URIs for females occurred

in the first two weeks as compared to less than 25% of all injuries in this

period. The rate of URI sick call visits per week was 3.5 per 100 males arid
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3.2 per 100 females. The amount of morbidity from upper respiratory tract

infections was similar for men and women.

Two fitness variables, mile time and activity level, were associated with

risk of URIs for males, and one for females, activity level. Unlike the

association of mile time with injury, only the slowest quartile of males was

at elevated risk of suffering a URI, 57.9%, as compared to the faster three

quartiles which averaged 20.0%, a risk ratio of 2.9 (p < .1, 90% CI, 1.1 to

3.9, see table 12b). Also for males the risks of URIs rose steadily from the

baseline very active group at 17.2%, to 21.5% for the active one, to 35.1% for

the average group, and 42.1% for the sedentary one. The relative risk for

those who reported average activity or less compared to those who were very

active was 2.1 (36.4% to 17.2%) which was marginally significant (p < .1, 90%

CI, 1.00 to 4.4 see table 12b). For women the risks of a URI for the very

active group were 12.1% compared to the average for the other three groups

which was 29.4%, a risk ratio of 2.4 (p < .1, 90% CI, 1.1 to 5.4, see table

12). These data suggest that low levels of endurance and current activity are

associated with a predisposition to have an upper respiratory tract illness

during Army basic training.

5. Comparative morbidity from injury and illness

The amount of morbidity caused by injury compared to illness in this

population of basic trainees a~pears to be about the same when frequency of

clinic visits and cumulative incidence are used as measures. The frequercy of

visits for males and females combined was virtually the same for irjury versus

illness. Complaints of injury accounted for 202 sick call visits (Males = 55,



Females = 94), while 204 were attributable to illness (Males = 65, Females =

139). The combined risks of males and females were also similar for both

types of complai t. The combined risk for injury was 11.3% compared to 43.2%

for illness. When risks for injury and illness were compared separately for

men and women, they were also quite similar (see table 2 for risks of injury,

see table 10 for risks of illness). The average rates of weekly sick call

visits for injury and illness are the same, 8.1 visits per 100 tr3inees per

week for injury and 8.2 visits per 100 trainees per week for illness (see

table 3 for rates of injury visits for males and feiales separately, and table

11 for separate rates of illness visits). However, risks and rates of visits

only provide a partial picture of relative morbidity.

Examining the amount of morbidity in terms of days of medical restriction,

the picture is quite different. kvales and females combined suffered 579 days

of limited duty seco-dary to injury (males = 99 days, females = 480 days), as

compared to only 42 days of restricted duty due to illness (males = 19 days,

females = 22 days). The rate of days of medizal restriction for injury and

illness were respectively 23.3 days of li,ited duty per 100 trainee-weeks and

1.7 days per 100 traine3-weeks, for injury versus illness. Thus, while the

incidence of ;njuJry and illness was about the same, 41.3% versus 43.2%, a

ratio of .96, rates of days of medical restriction per 100 trainee-weeks were

substantially different from each other, 23.3 days versus 1.7, a ratio of 13.7

to 1. These data suggest that training-related injuries sustained during the

basi,. training cycle are a matt.er of great concern to the Army.

DISCUSSION
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1. Comparability of sample to other Army populations

As with all studies jf an epidemiologic nature one of our primary concerns

is to assure the validity of our results from both an internal and external

standpoint. In this regard we feel that if anything our results may under

represent the true level of risk for injury and illness in Army basic training

populations and the effects of physical fitness may also be underestimated.

We suspect that our estimates are conservative because the 20 percent of

individuals who were lost to follow-up among both males and females tended to

be less fit as indicated by our prospective measures of fitness and body

composition (see appendix 1). We also, know from other studies where it was

possible to document the incidence of injury among those discharged that those

soldiers who do not graduate are more likely to suffer injuries during

training than their peers (Bensel. Ft Jackson Tech Report 1983; Jones

unpublished datd Ft Benning 1987). Also, those individuals who did not take

the initial (diagnostic) physical training test wer6 either already injured

and missed the test due to medical restriction or were part of a semi-random

process of assignment to details of one kind or another. Thus we feel that

the least fit, most injury prone individuals were excluu ' friu, our an,,lysiS

which reduced the likelihood of our demonstrating significant differences

between groups. For this reason we feel that the significant differrnces in

risk of injury and illness demonstrated between groups of varying fitness

levels is a testimony to the real strength of association 'etw en low levels

of fitness and higher risk within this population (internal val;dity).

2. Validity of sample injury incidence
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We also feel that it is legitimate *o generalize the results of this study

at the very least to other populations of Army basic trainees (i.e. the

results have external validity). In regard to the incidence of injury among

basic trainees, the percent of males and females reporting ne or more

musculoskeletal injury in our study wo, :innlir to the per( -s reported by

others(Bensel 1983, and Kowal 1980). We found that 51% of females and 27% of

males reported an injury (RR=1.8), while Bensel reported that 42% of females

(n=767) and 23% of males (n=2074) suffered similar musculoskeletal conditions

(RR=1.8). Kowal found that 54% of the women (n=400) and 25% of men (nm-77) in

his study experienced these types of musculoskeletal maladies (RR=2.1).

Reinker and Ozburne (1979) reported data on male and female trainees who

exhibited a relative risk of injury of 2.2 to 1 (our calculation from their

data). Thus it is apparent that the risks and relative risks of injury in our

population were compatible with those reported in the exisibi,, literature.

Parenthetically, the risk of injury for male trainees is very similar to that

for high school athletes in sports like cross-country and track, but less than

for football and wrestling (see Table 14).

It is more difficult to establish the comparability of our data on the

incidence of sick call (outpatient clinic) visits for acute minor illnesses.

This difficulty arises fro. the fact that records of such visits are not

routineiy tabulated and because few reports of such visits exist in the

literature. For the most common complaint of illness in our study, upper

respiratory tract infection, one recent study (Brundage 1988) based on a very

large sample of all Army basic trainees over several years, suggests that our

dntA nre in fact compatible with what one would expect for basic training

populations. Brundage reported (1988) that .56 trainees could be expected to
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be admitted to the hospital for a febrile upper respiratory tract illness per

100 trainee-weeks. This admission rate was calculated based on 2,633,916

trainee weeks of observation which began at the time our t-ainees were in the

training. The rate of admission for females in our st,'jy was .54 per 100

trainee-weeks, and for males it was .70 per 100 tr~inee-weeks - a combined

rate of .60 admissions per trainee-week for males and females.

The epidemic curve of upper respiratory tract illness for our p.pulation

is similar to the one depicted in Brundage's (1988) article for the post-

adenovirus vaccine era (see Figire 2) with 51% of male URIs occurring in the

first two weeks of training and 44% for females. Thus, it would appear that

at least as far as acute respiratory illness is concerned our population of

trainees is reasonably representative of the experience of trainees since 1984

the period when the adenovirus vaccines have been given year round.

The physical characteristics and fitness of the trainees observed are

fairly representative of Army basic trainees in the last decade. The average

height, weight, and percent body fat of cur population is similar to those

averages reported by others (Vogel 1986 and Patton 1980). Vogel (1986)

reported that for female trainees (n=212) versus males (n=210) the average

Feights, weights, and percents body fat and their ratios were respectively,

162cm i.i height for fem3les versus 175cm for males (ratio=.93); 59kg body

weight for females versus 71kg for males (ratio=.83); and 28% body fat for

females versus. 16% for males (ratio=1.7). The ratios of rmean values for these

characteristics among the trainees we observed for females versus males were

15 c .......... 17Ec frati- 03 T,_ -I f. Qle vor im 71kn (r~tin=_8] for

weight, and 25% versus 17% (ratio= 1.5) for percent body fat. Thus the
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height, weight and relative stature of the trainees in our study were

comparable to those reported for other populations of Army trainees.

3. Va!idity of sample fitness levels

In regard to fitness it is more difficult to establish co.rparability

however because the routine measures of fitness have changed over the last

decade, The endurance standard for instance h3s been extended from a 1 mile

run to a 2 mile run, while the other components of the test have been either

altered in form or deleted. Also, trainees now run in athletic shoes, whereas

before 1983 they wore combat boots exclusively. Nevertheless, at least for

endurance some degree of comparability can be established despite the growing

emphasis on running as a mode of developing stamina and changes in the test

situation itseif. Bensel (1983) iepoted that th^, times for women trainees

(n=767) versus men (n=2074) on a 1 and 1/2 mile run on the final PT test were

13.51 mins and 11.02 mins espectively. The average time per mile of Bensel's

subjects was 9.0 mins for women and 7.3 mins per mile for men, a ratio of 1.24

to one. The ratio of ona mile times calculated from Patton's (1980) test run

data of the late 1970s was calculated to be 1.33 (my calculation 10.9 mins to

8.2 mins), a ratio comparable to that we observed, however trainees wore boots

in the population studied by Patton. The women trainees we observed ran an

average time per mile for on a mile run test of 9.7 mins and males 7.2 mins

per mile, a ratio of 1.35 for women versus men. Thus the relative endurance

performance of women and men in our study was similar to that reported

elsewhere in the past (see table 1).
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Based on the preceding discussion we concluded that our population of

trainees is fairly representative of Army trainees over the last decade in

regard to health, stature, and physical fitness. Furthermore, the relative

fitness ef males and females appears to have remained about the same. For

this reason we believe that it is legitimate to extrapolate from our

conclusions concerning the impact of physical fitness on the risks of injury

and illness among the trainees we observed to other populations of Army

trainees. Also, we feel that our conclusions represent a conservative

estimate of the effects of fitness on the risks of injury for young men and

women in general, since Army trainees are leaner and fitter than their

counterparts in the U.S. population.

4. Impact of fitness on risks of injury

In regard to the impact of fitness on injury, the most significant finding

of this study was the clear association between low levels of endurance and

increased lielihood of injury for both males and females. The slowest half

of male trainees experienced 2.8 times as many injuries as the fastest (see

table 4b). Among women the slower ones suffered 1.7 times as many reportable

injuries (see table 4a) Regardless of how restrictive or specific the

definition of injury employed in the analysis the results for both males and

females were that individuals exhib'iting lower levels of endurance as measured

by runring performances experienced significantly more injuries(see tables 7b

and 7A, respectively).

The impact of fitness on risk of injury was of such importance that when

all other variables were controlled for using logistic regression gender was
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no longer significantly associated with injury when mile run time was included

in the model. Using Mantel-Haenszel Chi square techniques the relative risk

of injury for women versus men in this study was reduced from 1.8 to .93 when

stratified by tertiles of mile times (see table 9). This suggests that the

difference in injury rates for men and women entering the Army can be

explained by their different levels of fitness, however, it does not mean

necessarily that through training women will reduce their risk to the same

level as men. This assumes that the average woman can physiologically achieve

similar levels of endurance as the average man. Certainly, if the progressive

decrease in the times of elite women distance runners relative to men over the

last decade is any indicator, it would seem reasonable that the excess

relative risk of injury for women can at least be considerably reduced.

M,,^g.. n.ct . ignficant in the univariate analyses, the only other

variable that figured significantly in the causation of injury in our full

logistic regression mode: other than mile run time was sit-ups. We suspect

that this may be because sit-ups are not only a measure of abdominal strength

but also in as much as the iliopsoas muscle (a hip flexor) is one of the

primary muscle groups employed in this exercise, sit-ups may represent a

surrogate measure of leg strength.

It makes a certain amount of intuitive sense that a weight-bearing test of

endurance performance, running, and a marker fur abdominal and leg muscle

endurance, sit-ups would be most strongly associated with risks for injury in

Army trainees. The bulk of the injuries to military trainees reported in the

literature (Reinker 1979, Bensel 1976,1983, Kowal 1980) are lower e;ltremity

overuse injuries which are attributable to marching and running. Furthermore,
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the most common physical stressors during Army basic training are walking,

marching, and running. Unlike most other training activities these ones are

inescapable. Thus once a lower extremity has been injured or is fatigued it

cannot be rested without stopping all training, since walking and marching are

not only a major training activity themselves but they are also the primary

means of getting from one training activity to another. This being so it makes

sense that individuals with greater innate stamina or developed endurance

would be at lower risk of injury, since at any given level of marching or

running performance the more fit will be subject to less physiologic "stress"

relative to their absolute weight-bearing endurance capabilities. In addition

those who have engaged in weight-bearing training in the past will presumably

have developed not only higher relative cardiovascular endurance but also

greater muscular endurance and skeletal strength (bone dens;ty) of the lower

extremities. This would suggest that individuals exhibiting high aerobic

fitness levels (fast run times) should be less susceptible to fatigue and more

resistant to lower extremity structural failure (injury) than their less fit

counter parts. We suspect that hypothetical explanations such as these will

ultimately be found to underlie the association we have found between higher

endurance (faster run times) and decreased risk of injury.

The published literature offers few studies to which o-jr results can be

compared. Kowal (1980) reported that low levels of physical fitness and lower

leg strength were associated with greater risk of overuse injuries among women

undergoing Army training. However, he did not clearly delineate the

relationship between fitness and risk of injury. No cther such military data

is available.



The civilian literature also is not very helpful. Even for runners, one

of the best studied physically active groups outside the military, there is

little substantive information. In a recent review Pcwell et al (1986) state

that they could find only two studies examining risk factors for irunning

injuries in the literature that were designed and executed well enough to give

credence 1rom an epidemiologic perspective These were studies published by

Pollock et al (1977) znd Koplan et al (1982). Since that time two other well

designed studies surveying running populations have been reported by Blair et

al (1987) and Marti et al (1988). The primary finding of all four of these

studies was that higher training mileage was associated with higher risk of

injury for runners.

In 1986 Powell et al stated that the only well documented risk factor for

running injuries was higher training mileage. This is mentioned because it

should not be construed as contradictory to our finding that higher fitness

(endurance) levels among Army trainees are associated with lower risks of

injury. Running more miles is a means by which endurance (aerobic fitness)

may be improved. Running mileage is a measure of the ariount of training not

fitness. The literature (Pollock 87, Koplan 82, Balri 87, Marti 88) suggests

V11= V V_16,1,0 "1- dose-response relationshin between increasing running mileage

and increasing injury rates. Therefore, improving aerobic fitness by running

more miles entails a risk - a greater likelihood of suffering a

musculoskeletal injury.

On the other hand, what our study demonstrated was the benefit of higher

levels of fitness as measured by mile run performance. The benefit was that

for individuals (trainees) exposed to the same amount (miles) and ievei
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intensity of training thobe with higher levels of aerobic fitness experienced

fewer injuries that their less fit army counterparts. This study also

indicated that males who characterized themselves as very active were less

prone to injury than their less active peers when exposed to the same Army

training program.

Before moving on several other factors deserve discussion. It may

surprise some that percent body fat did not enter the logistic regression

model as a significant risk factor for injury. This may be especially

surprising since the military training injury literature has implicated

obesity as a risk factor for injury (Gilbert 1963, Bensel 1976, Kowal 1980).

However, in a model including running performance as a variable the effect of

percent body fat may already be accounted for in that more obese individuals

wiii have slower run times relative to their physiologic potential. It should

also be pointed out that percent body fat was not significantly associated

with risk of injury at a univariate level either.

In regard to our other index of adiposity, BMI, this variable was not

included in our logistic regression model for men and women combined, because

when both genders are grouped together BMI is not reflective of relative

adiposity unless a correction factor is added. This is because the BMIs for

women are lower than for men even though women are on average fatter than me.).

However, on a univariate level BMI was significantly associated with

injury. It is also important to note that BMI has a complex relationship with

risk of injury for both men and women having a bimodel distribution (see

tables 4A and B). Men and women at both high and lot extremes of BMI appeared
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to be at increased risk of injury. This finding is consistent with results

reported by Marti et all (1988) who observed a similar bimodel distribution of

injuries versus BM1 among the runners they surveyed. It may be that

individuals with high BMIs are injury prone because they are carrying greater

excess fat mass relative to their skeletal size and locomotory muscle mass,

while those who are at the low end of BMI are susceptible to injury because

they have a low total mass including too little muscle mass relative to their

skeletal size. Further study is clearly needed to cl3rify the association

between BMI and likelihood of suffering a training-related injury. Also, why

BMI and percent body fat are such different predictors of injury is a puzzle

deserving additional exploration.

Height is another factor worth mentioning briefly. It is noteworthy that

it has been felt for some time in military training and medical circles that

short stature is a risk factor for injury to women (Reinker 1979, and personal

communications). As a result it has been recommended that short women march

at the front of columns in training. Interestingly, we found that both short

and tall women were at significantly increased risk of injury (see table 4a).

While a significant association was not found for men in our study the pattern

oi injury in reiation to heht was simflar to that for women.

5. The impact of gender and fitness on risks of illness

In regard to non-injury-related complaints U.S. population data suggests

(DHHS 1984), women are more likely to request or seek attention for illness

than men. In Health United States 1984 the Department of Health and Human

Services (DHHS) reported that on average there were 2.95 physician visits per
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woman nation wide compared to 2.19 visits per man in 1981. The ratio for

health visits for women versus men nationally was 1.39 in that survey. In our

study the ratio of risks (cumulative incidence) for illnesses of women versus

men was 1.35 (48.4% versus 35.4%). Thus the relative risks for illness among

the women we observed appeared very similar to what one would expect based on

national data.

If as we indicated in the results we compared the risks of illness for men

and women including only those ailments they share in common (i.e., non-

gynecological complaints) there was little or no difference in their risks.

Excluding gender specific, gynecological, complaints the relative risk for

illness of women versus men was 1.05 (37.1% versus 35.5%) (see table 10). If

a similar correction is made on the DHHS data by subtracting known

gynecological visits and presumed gynecological visits from the family and

general practice visits, then the ratio of annual female to male visits

becomes 1.09 (2.4 visits per woman per yr versus 2.2 visits per male oe,

year). What these statistics suggest is that females have few nedical

conditions in excess of males if complaints of illness peculiar to their

gender are excluded. Thus it would appear that if the Army is interested in

reducing the amount of morbidity among femaies relative to males attention

must be focused orn prevention of genito-urinary tract and other medical

conditions for which women have a vulnerability.

Comparing the risks of men and women for the iost common illness reported

during basic training, upper respiratory tract infections (URIs), it appears

that they suffer about the same number of such complaints and loose similar

amnunts of time due to these conditions (see table 10). If anything it
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appears that women are hosp talized at a slightly lower rate than men ior

URIs.

Examining risk factors for URIs it appeared that both men and women with

high self-assessed physical activity levels experienced a lower incidence of

infections (see tables 12a and L). For men the slowest quartile on the mile

run suffered more URIs than the other three quartiles, indicating that higher

endurance is somo how protective (table 12b). As an explanation, it might be

that those individuals who have been more active and are in better physical

condition are subject to lower relative levels of physiologic stress and may

therefore be less prone to immunologic suppression secondary to stress. This

is speculative, however, since the nature of the impact of exercise and

fitness on the immune system is not well established at this time (Simon 1984,

1987, Tomasi 1981). While it can be said with somewhat greater surety that

viral illnesses have a detrimental impact on physical and sports performance,

even this relationship needs further investigation (Roberts 1986, Daniels

1985, Friman 1985). It would appear that the miiitary would have a vested

interest in pursuing research in this area, because of the strong emphasis on

physical conditioning and perforwance, and the vulnerability of troops to

disease, espeially rcspiratory tra- cornlmn;nf

6. Relative importance of injury and illness as causes of morbidity

Information on past and present trends in the distribution and pattern of

disease and injury among military personnel is essential to planning

strategies for the treatment and prevention of casualties in future military

operations. Such information is also crucial for estimating the impact ot

39



casualties on military preparedness and likely effectiveness. The data used

for such projections is usually hospital admission rates and mortality rates.

Hoeffler has suggested that these statistics are inadequate, however, and that

unless data on outpatient care is included morbidity especially from injury

may be severely underestimated (Hoeffler 1981).

Although infectious disease is still a major cause of morbidity especially

in combat situations, there has been a trend of decreasing relative importance

for infectious diseases in both peacetime and combat military populations

(Reister 1975, DoD 1982, Hoeffler 1981, Hlealth of the A.-my 1968-1972). The

Army hospitalization rate for all injuries and accidents (Health of the Army)

in 1981 was 24.5 per 1000 troop-years, whereas the rate of admission for

infectious disease was 10.6 per 1000 troop-years, a risk ratio for injury

versus infection of 2.3 to 1. In terms of non-effectiveness the rates were

13.0 days on the hospital rolls per 10,000 man-days due to injury versus 1.9

days, due to infectious disease, a ratio of 6.8 to I in terms of days of lost

manpower. When we restricted the examination of injuries to those related to

physical activity and training, and sports, the rates of hospitalization

secondary to physical activity-related injuries were less than for infectious

disease, but non-effective rates were higher by a factor of 2 (3.8 days per

10,000 troop-days versus 1.9, see table 3). These data are consistent with

civilian data that indicate that injuries are the primary cause of morbidity

and mortality in young populitions (19-45), especially for males (CDC 1986).

These rates of hospital admissions do not ,- vs as clear a picture of the true

rel?'-;ve importance of injury as a cause of morbidity as do outpatient data.



Our data on sick call visits are consistent with the findings of Hoeffler

(1981) that suggest that outpatient data are needed in order to assess tie

relative impact of injury and disease on the health of soldiers. In our study

15 trainees were hospitalized for illnesses for a total of 41 days of

restricted duty. However, 14 times as many days of limited duty (579) were

accrued secondary to injuries as for illness. Stress fractures alone

accounted for more days of limited days (133 days) than all illnesses. These

findings are consistent with similar data from other training posts

(unpublished data). Thus, it seems clear that in peacetime Army training

populations like the one we observed, inju-y is the greatest cause of lost

duty time.

To a large extent the apparent importance of injury as a cause of

morbidity is probably due to tho success of It-CtIve treatmort and prevertion

strategies against infectious diseases developed over the last 100 years, We

are able to treat and prevent many infectious disease, largely because of a

consistent and o,,-going research effort into the epidemiology and biology of

these diseases by both military and civilian scientists. Hoyever, at this

time there is no consistent rese:,rch devoted to the epidemiology and causation

training-rvlated injuries in the Army. Successful injury prevention programs

depend upon research to identify risk factors and to test interventions. A

greater commitment to injury research may well be rewarded with success

similar to that in the areb of infectious disease.

Summary
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It is clear that in the population of trainees we observed injury was not

only an important cause of morbidity, ;t was the most debilitating cause. We

found that the most important intrinsic factor associated with injury was

level of aerobic performance as measured by mile run times for both males and

females. In fact, if mile run times were taken into account, injury rates for

women were similar to men of comparable aerobic fitness. Other risk factors

associated with injury on a univariate level for males were body mass index

with increased risk among those with the highest and lowest indexes, and past

activity lev-el with those who were active prior to enlistment being at less

risk than those who were not. For women low numbers of pushups, low numbers

of sit-ups, high and low body mass index and short and tall stature were

associated with injury on a univariate level. Thus, the overall picture was

one of in association between low levels of physical fitness and increased

risk of injury for both males and females. This was borne out by our

multivariate, logistic regression model. Because of the small sample size for

males and females, we reel further study should be conducted to establish the

degree of association between fitness and injury and to control for the effect

of different levels of training.

As with injury it also appeared that to some extent there was an

association between lower levels of fitness and illness. However, the primary

finding in rtgard to illness was that when the incidences of iilness for women

and mer, is compared for conditions to which both genders are susceptible the

risks are the same. Both these findings deserve further study.
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SUMMARY of CONCLUSIONS

1. Training-related injuries are one of the most important causes of morbidity

in Army basic training populations, and are the leading cause of limited duty

due to medical restriction.

2. Female trainees suffer nearly twice as many training related injuries as

males.

3. Low levels of physical fitness, especially endurance performance,

predispose individuals to increased risk of training-related injury. In fact,

the large difference in injury risk between male and female trainees can be

attributed to differences in their levels of fitness.

4. Further epidemiologic and carefully controlled intervention studies are

reauired to evaluate the impact of the training program itself or. the risks of

injury.

5. Risks for illnesses, like upper respiratory infections, for which women

have no special predisposition, are the same for male and fenale trainees.

6. Very low levels of physical fitness and activity predispose individuals to

greater likelihood of upper respiratory tract infections.

7. Vodulation of physical training to accommodate individuals or groups of

individuals of different fitness leels may help to prevent injuries and to a

lesser extent illnesses like upper respiratory tract infections.
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TABLE 1. DESCRIPTIVE CHARACTERISTICS AND PHYSICAL FITNESS TEST RESULTS OF
MALE AND FEMALE ARMY TRAINEES

Variable Females Males P-value

1. Descriptive Characteristics

n Mean (±SD) n Mean (+SD)
Age (Yrs) 186 21.2 (3.58) 124 20.2 (2.7) O.n084*
Ht (cm) 186 163.3 (6.58) 123 175.2 (6.62) 0.0000*
Wt (kg) 186 58.7 (5.76) 124 73.6 (10.90) 0.00001,
BMI (Wt/Ht2 ) 186 22.4 (1.97) 123 24.3 (3.1)
%BF (%) 186 25.2 (9.36) 124 16.9 (4.85) 0.0000*
Yrs Ex (Vrs) 186 3.5 (4.5) 124 4.5 (4.0) 0.049*

2. Initial Fitness Test
(Ist Week)

Mile Time (Min) 140 9.73 (1.36) 79 7.19 (1.01) 0.0000A

Sit-ups (n) 163 37.9 (11.9) 98 54.5 (13.8) 0.0000*

Push-ups (n) 138 12.4 (9.9) 97 31.0 (9.3) U.UU*

3. Final Fitness Test
(7th Week)

2 Mile Time (mi)
154 18.08 (1.49) 101 14.41 (1.44) 0.0000*

Sit-ups (n) 155 49.9 (10.3) 101 53.9 (9.4) 0.0014*

Push-ups (n) 152 i8.0 (7.1)II 3.9 (ini) 0.0000*

* Difference between females and males significant at P<.05.
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TABLE 2 RELATIVE RISKS* (RR)** OF MUSCULOSKELETAL INJURY FOR FEMALES VERSUS MALES
DURING 8 WEEKS OF ARMY BASIC COMBAT TRAINING

Type injury Female Risks (n=186) Male Risks (n=124) RR 95% CI(%) M-

All injury 50.5 27.4 1.84 ( 1.34 - 2.54)+

Lower extremity 44.6 20.9% 2.13 (1.46 - 3.10)f
injury

Stress Fractures 11.3% 2.4% 4.71 (1.42 - 15.31)q
or reactions

Injury causing day or 30.1% 20.2% 1.49 (.99 - 2.26)
more of restricted duty

Number of Restricted 32.3days 10.Odays - -

Days for Injury per
3.00 person weeks

* RI3K = Cumulative Incidence = Percent with 1 or more sick calls for musculo-
skelEtal complaints over 8 week cycle.

** RR=*Relative risk - Risk of females x (Risk of males) -1 .

+ Significant at p<.05.
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TABLE 3 FREQUENCY AND DISTRIBUTION (%) OF INJURIES BY TYPE FOR ALL
SICK CALL VISITS FOR MALE (n=124) AND FEMALE (n=186)
TRAINEES DURING 8 WEEKS OF BASIC TRAINING

Type Injury Females Males
nn (%)

Musculoskeletal Pain 55 (37.4) 18 (32.7)

Low Back Pain 3 ( 3.4) 9 (16.4)

Tendonitis 10 ( 6.8) 8 (14.5)

Sprain 11 ( 7.5) 6 (10.9)

Stress Fracture 29 (19.7) 4 (7.4)

Muscle Strain 24 (16.3) 3 (5.5)

Overuse Knee Pain 5 (3.4) 1 (1.8)

Blisters 6 (4.1) 1 (1.8)

Other 4 .2.7) 5 9

TOTAL 147(100.0) 55(100.0)

Injury Sick Call
Per 100 trainees per week 9.9 5.5
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TABLE 4A. RELATIVE RISKS OF INJURY* BY QUARTILE (Q) FOR MEASURED
LEVELS of FITNESS AND STATURE AMONG FEMALE ARMY TRAINEES

Fitness Variable Risk Relative Risk (n) Confidence Interval
(vs Baseline)+ (90% CI)

Mile Time 140
(Median=9.75min)

Q1 Fast 36.1 1.08 (36) (.64-1.84)
Q2 +33.3 1.00 (36)
Q3 57.1 1.71 (35) (1.09-2.71)**
Q4 Slow 60.6 1.82 (33) (1.16-2.86)**
Slow(Q3,4)vsFast(Qi,2) 1.76 (1.24-2.32)**

Push-Ups 138
Median=11)

Q1 High +37.5 1.00 (32)

Q2 48.5 1.29 (33) (.82-2.16)
03 58.3 1.55 (36) (1.03-2.50)**
Q4 Low 56.8 1.51 (37) (1.U0-2.44)**
Low(Q 2 ,3,4 )vsHigh(Q1 ) 1.45 (1.00-2.26)**

Sit-Ups 163
(Median=39)

Q1 High +35.0 1.00 (40)
Q2 b4.1 1.55 (37) (1.00-2.38)**
Q3 58.1 1.66 (43) (1.10-2.51)**
Q4 Low 48.8 1.39 (43) (.90-2.16)
L (,,,3n nv-Winh(n) 1.53 (1,05-2.24)**

Percent Body Fat 185
(Median=25.2%).

QI Lean 41.3 .78 (46) (.54-1.12)
Q2 61.7 1.16 (47) (.86-1.56)
Q3 53.2 1.00 (47)
Q4 Fat 45.7 .86 (46) (.61-1.21)

BMI Wt/Ht2 ) 186
Median=22.5)

Q1 Lean 55.6 1.45 (45) (1.00-2.11)**
Q2 45.8 1.20 (48) ( .80-1.78
Q3 +38.3 1.00 (47)
QA4 Fat 63.0 1.64 (46) (1.15-2.35)**
Fastest(Q4vs"Average"(02,3) (1.13-1.94)**

Heit 186
(Median=163.4 cm)

Q1 Short 61.2 2.03 (49) (1.32-3.10)**
Q2 53.8 1.78 (52) (1.15-2.75)**
Q3 +30.2 1.00 (43)
Q4 Tall 54.8 1.87 (42) (1.16-2.83)**

*Injury = I or more sick call visits for a musculoskeletal complaint during 8
week Bd if CumbaL Triaiing Cycle.
** Denotes that the risk ratio of the quartile of interest x (baseline
quartile)y-  is significant at P(.1.
+ Denotes referent or baseline level (denominator) for relative risks.
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TABLE 4B. RELATIVE RISKS OF INJURY* BY QUARTILE (Q) FOR MEASURED
LEVELS of FITNESS AND STATURE AMONG MALE ARMY TRAINEES

Fitness Variable Risk Relative Risk _.._ Confidence Interval
(vs Baseline)+ (90% CI)

Mile Time 79
(Median=7.0 mins)

Q1 Fast 14.3 1.43 (21) ( .35- 5.86)

Q2 +10.0 1.00 (20)
Q3 26.3 2.63 (19) ( .74- 9.30)
Q4 Slow 42.1 4.21 (19) (1.28-13.83)**
Slow(Q3 ,4 )vsFast(Q1,2) 2.81 (1.28- 6.13)**

Push-Ups 97
(Median 31)

QI High Number +13.6 1.00 (22)

Q2 25.0 1.84 (24) ( .68-5.28)
Q3 33.3 2.45 (27) ( .91-6.58)
Q4 Low Number 33.3 2.45 (24) ( .90-6.66)
Low(Q 2 ,3 ,4 )vsHigh(Q1 ) 2.45 ( .95-6.26)

Sit-Ups 98
(Median=5)

Q High Number +17.4 1.00 (23)

Q2 32.0 1.84 (25) ( .76-4.47)
Q3 19.2 1.10 (26) ( .41-3.00)
Q4 Low Number 37.5 2.16 (24) ( .91-5.12)

Percent Body Fat i23
(Median=16.6%)

Q1 Lean 27.3 1.29 (33) (.62-2.65)

Q2 26.7 1.26 (30) (.60-2.64)
Q3 +21.2 1.00 (33)
Q4 Fat 35.7 1.68 (28) (.84-3.36)

BMI (Wt/Ht2) 124
(Median=23.7)

Q, Lean 35.5 2.06 (31) ( ,94-4.48)

Q2 18.8 1.10 (32) ( .44-2.68)
Q1!7 1. (29)

QA4 Fat 38.7 2.25 (31) (1.04-4.83)'*
Fast(Q 4 )vs"Ave BF"(Q 2 ,3) 2.14 (1.20-3.85)**

Hei ht 123
(Median=175.4cm)

QI Short 29.0 1.20 (31) ( .66-2.38)

Q2 +24.2 1.00 (33)
Q3 27.0 1.12 (37) ( .57-2.19)
Q4 Tall 31.8 1.31 (22) ( .64-2.70)

*1rjury = 1 or more sick call visits for a musculoskeletal complaint during 8

week Basic Combat Training Cycle.
** Denotes thAt thp risk ratio of the quartile of interest x (baseline

quartile)-1 is significant at P<.1.
+ Denotes referent or baseline level (denominator) for relative risks.
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TABLE 5A RELATIVE RISK OF INJURY* BY LEVEL OF HISTORICAL
ACTIVITY OR SPORTS PARTICIPATION FROM SURVEY
QUESTIONNAIRE GIVEN TO FEMALE ARMY TRAINEES

Activity or Sports Risk Relative Risk (n) Confidence Interval
(Level) M (vs baseline)+ (90% CI)

1) Self Assessed 186
Activity Level

Very Active 48.5 1.00 (33)
Active 52.2 1.08 (69) (.84-1.31)
Average 48.4 1.00 (64) (.56- .96)
Not Very Active 55.0 1.14 (20) (.57--1 .21)

2) When Active 186

Current 51.3 1.00 (119)
Past 47.9 ,33 (48) (.70-1.25)
Never 52.6 .98 (19) (.70-1.51)

3) Years Exercise 186

>4 Years 53.3 1.00 (45)
1.0-4.0 Years 17.1 .89 (39) (.65-1.21)
(1.0 Years 52.1 .98 ( 73) (.73-1.31)

4) Athletic Status 186

Varsity Athlete 52.0 i.00 ( 75)

Non-Varsity Athlete 41.4 .80 ( 58) (.58-1.09)
Non-Participant 58.5 !.13 ( 53) (.86-1.46)

*Injury a I or more sick call visits for a musculoskeletal complaint during

8 weeks of Basic Training.
+Denotes referent or baseline (denominator) level for relative r



TABLE 5B RELATIVE RISK OF INJURY* BY LEVEL OF HISTORICAL
ACTIVITY OR SPOR'S PARTICIPATION FROM SURVEY
QUESTIONNAIRE GIVEN TO MALE ARMY TRAINEES

Activity or Sports Risk Relative Risk (n Confidence Interval
(Level) (vs base ne+

1) Self-AFsessed
Activity Level 124

Very Active 17.2 1.00 (29)

Active 25.5 1.48 (51) (.68-3.21)
Average 35.) 2.04 (37) ( .95-4.37)
Not Very Active 42.9 2.49 ( 7) (.93-6.63)
(Not Act+Avg)vs(Act+V.Act) 1.61

2) When Active 1

Currently 25.5 1.00 (90)
Past 31.3 1.22 (32) (.78-2.19)
Never 50.0 1.95 ( 2) (.59-6.50)

3) Years of Exercise 124
(regular exercise, >3 times/wk)

>4 Years 24.0 1.00 (50)
1-4 Years 30.0 1.25 (43) ( A
<1 Year 29.1 1.21 (3i) (.65-2.2!)

4) Athletic Participation

Varsity Athlete 29.4 1.00 (68)
Non-Varsity Athlete 24.4 .83 ( 41) (.48-1.43)
Non-Participant 26.7 .89 ( 15) (.42-1.96)

*Injury = I or more sick all visits for a musculoskeletal complaint.

** Denotes that relative risk of quartile of interest x (baseline quartile) - I

is significart at p<.1.
+Denotes referent or baseline (denominator) level for relative risk.
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TABLE 6A RELATIVE RISK (RR)* BY FITNESS LEVEL OF A MUSCULOSKELETAL
INJURY RESULTING IN A MEDICAL RESTRICTION OF DUTY FOR
1 DAY OR MORE FOR FEMALE TRAINEES

Females

Mile Time Risk RR* 90CI

- (Q!IQR) Trange)
140

QiFast 19.4 1.16 (.51-2.67) (36)

Q2 16.7 1.00 (36)
Q3 40.0 2.40 (1.19-4.84) (35)**
Q4 Slow 36.4 2.18 (1.06-4.49) (33)**
Fast(Q, 2 )vsSlow(Q3 .4 ) 2.12 (1.30.3.44) **

Push Ups
138

QiHigh 28.1 1.00 -- (32)

Q2 33.9 1.21 (.6-2.06) (33)
Q3 38.9 1.38 (.75-2.38) (36)
Q4Low 24.3 .86 (.43-1.63) (37)
Low(Q2 ,3,4 )v High(QI) --

BMI
186

Q1 Lean 35.6 1.53 (.88-2.62) (45)
Qb2 29.2 1.26 (.70-2.20) (48)
Q3 23.2 1.00 -- (47)
Q4 Fast 37.0 1.59 (.92-2.79) (46)
FaL(Q 4 )vs"Normal':(Q 2 ,3) 1.41 (.92-2.15)

Sel f-Assessed
Activit" Level

I00

Very active 30.7 1.00 -- (33)
Active 33.3 1.08 (.66-i.84) (69)
Average 29./ .97 (.57-1.68) (64)
Not very active 30.0 .98 (.49-2.01) (20)

*Relative risk=risk of the group or interesc x (risk of the referent group) -I

= QI/QR
**Signifie5 significant at p<.1 (i.e. 90% CI does not encompass 1).



TABLE 6B. RELATIVE RISK (RR) BY FITNI-:% LEVEL OF A MUSCULOSKELETAL
INJURY RESULTING IN A MEDICAL R~ESTRICTION OF DUTY FOR
1 DAY OR MORE FOR IALE TRAINEES

Males

Mile Time Risk RR* 90%CI(n
N--TQI/QR) (range)

79
QjFast 00.0 - (21)
Q2 0.0 -- (20)

Q321.1 - (19)
Q4 Slow 36.8 - (19)
Fast(Q1,2)vsSlOw(Q3 ,4) (p=.003)

Push -UPS
97

QjHigh 4.5 1.03 -- (22)
Q2 25.0 5.56 (1.0-30.38) (29)

Q322.2 4.93 (.88-27.11) (27)
Q4Low 20.8 4.6? (.81-25.99) (24)
Low(Q2,3,4)vsHigh(Ql) 4.99 (.96-25.8)

BM I
123

Q1 Lcan 25.8 1.87 (.75-4.66) (31)
Q2 9.4 .68 (.21-2.22) (32)

Q313.8 1.00 -- (29)
Q4 Fast 32.3 2.34 (.97-5.61) (31)
Fat(Q 4 vs"Normal(Q 3  2.81 (1.36-5.8)#

Self-Assessed

124
Very active 3.4 1.OU -- (24)
Active 15.7 4.56 (.83-24.96) ( 1)
Average 35.1 10.19 (1.94-b3.46" 37
Not very active 42.9 12.43 (2.12-72,872# (7
((Avg)vs(>Acti ye) 3.23 (1:74-5.96)~

* Relative risk risk of the group of interest x (the risk of the referent
group)-1 =QI/QR

** Fisher's exact test p-value =.003

# Significant at p<.1, i.e. 90% CI doesnot encompass 1.



TABLE 7A. RELATQ~E RISKS (RR)* OF LOWER EXTREMITY (LE) INJURIES AND
STRESS FRACTURE BY FITNESS LEVEL FOR FEMALE TRAINEES

LE INJURY
--Females

Mile Time Risk RR 90%CI n
NOR)~ (range)

140
Fast M0.5 1.00 -(72)

Slow 54.4 1.78 (1.3-2.5)** (68)

LE STRESS FRACTURE

M~ile Time Risk RR 90% CI n

140
Fast 6.9 1.00 -(72)

Slow 17.6 2.54 (1.1-5.8)** (68)

*Relative Risk = RR =Risk of group of interest (Risk of referent group)-'
-QI/QR.

-ADenoces thit risk ratio ot group ot Slow versus last is signiticant at p<.1,
i.e., 90% CI does nct encompass 1.
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TABLE 7B. RELATIVE RISKS (RR) , OF LOWER EXTREMITY (LF) INJURIES and
STRESS FRACTURE BY FITNESS LEVEL FOR MALE TRAINEES

LE INJURY
Males

Mile Time Risk RR 90%CI n
-hi7RT (range)

Fast 9.7 1.00 - (40)
Slow 28.9 2.97 (1.2-7.2)** (38)

LE STRESS FRACTURE

Mile Time Risk RR 90% CI n

Fast 0.0 (40)
Slow 4.8 (38)

*Relative Risk = RR = Risk of group of interest*(Risk of referant group)-1

=QI/QR.

**Dnos that risk ratio of oroup of Slow versus Fast is significant at p<.1,

i.e., 90% CI does not encompass 1.
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TABLE 8. RISKS of INJURY for ARMY TRAINEES* RUNNING MILE TIMES
BETWEEN MEDIAN FOR MALES (7.00 MIN) AND MEDIAN FOR FEMALES (9.7 rins)

FEMALES(n = 73) MALES(n = 41) RR (90% CI) P

32.9 32.7 1.04 (.65-1.65) n.s.

* Fort Jackson 1984
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TABLE 9. STRATUM SPECIFIC RISKS of INJURY FOR FEMALES VERSUS
MALES BASED en TERTILES of MILE RUN TIMES

TERTILE* FEMALES MALES P.R(95% CI

of Mile Time T. Tni /n t)~ WTh1i/ nt) **

1 20.0 (2/10) 17.5 (11/63) 1.14(.3-4.5)

2 37.3 (22/59) 46.7 (7115) .80(.4-1.5)

3 57.7 (41/71) 0.0 (0/1) - -

MH-Summary Risk Ratio =.98

MH-CHI SQ =0.00, P= 1.00

*T 5.9-7.9 min, T2 =7.9-9.7 min, T3 >9.7 min

**flj # injured, nt =total # in stratum
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TABLE 10. RELATIVE RISKS (RR) FOR ILLNESSES FOR FEMALES VERSUS
MALES DURING 8 WEEKS OF ARMY BASIC TRAINING WITH 95%
CONFIDENCE INTERVALS (95% CI)

FEMALES RISKS MALE RISKS RR 95% CI

((RANGE)
All Illness 48.4 35.4 1.37 (1.1-1.8)+

Illness Minus 37.1 35.4 1.05 (.8-1.4)
GYN* Complaints

URIs** 26.3 28.2 0.93 (.7-1.4)

URIs With 1 or 4.3 5.6 0.78 (.3-2.1)
More Days Med
Restriction

Number of Days 1.5 days 1.9 days --

Med Restrictions
for URI Per 100
Trainees Per Week

*GYN Complaints - Conditions such as Vaginitis, Anovulatory Cycle, Birth

Control Evaluation, Cystitis, etc.

**URI - Complaints Compatible with Upper Respiratory Tract Infection,

i.e., Colds, "Flu", Strep Throat etc.

+ Significant P.05.
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TABLE 11. FREQUENCY AND DISTRIBUTION (%) OF ALL SICK CALL VISITS
FOR ILLNESSES AMONG MALE (n=124) AND FEMALE (n-186)
TRAINEES DURING 8 WEEKS ARMY BASIC TRAINING

Type Visit Females Males

n (%) n (%)

Upper Respiratory 72 (72.7) 53 (81.5)
Tract Infection (URI)

Dermatological 7 (7.0) 4 ( 6.1)

Gastrointestinal 6 (6.1) 3 (4.6)

Other 14 (14.1) 5 ( 7,7)

TOTAL1 (Non-Gyn) 99(100.D) 65(100.0)
Gynecological (Gyn) 39(139.0)

TOTAL2 (With GYN) 138(139.0) 65(100)

Non-Gyn Illness Sick Calls 6.7 6.6
per 100 Trainees per wk*

Gyn Sick Calls per 2.6
100 Trainees per wk

Illness Sick Calls per 9.3 6.6
100 Trainees per wk
Including Gyn Visits.

* Gynecological complaints = conditions reported on sick call such as
vaginitis, cystitus, menstrual complaints, etc.
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TABLE 12A. RELATIVE RISKS* (RR) OF AN UPPER RESPIRATORY TRACT
INFECTION BY FITNESS LEVEL FOR FEMALE ARMY TRAINEES
WITH 90% CONFIDENCE INTERVALS (90% CI).

FITNESS FEMALES
MEASURES

Mile Time Risk RR* 90% CI (n)

r a-Fnge) 140

**Q1 Fast 25.0 1.00 --- (36)

Q2 19.4 .78 (.37-1.62) (36)
Q3 17.1 .68 (.32-1.49) (35)
Q4 Slow 30.3 1.21 (.64-2.31) (33)

Self-Assessed

Activity Level 186

**Very Active 12.1 1.00 --- (33)

Active 26.1 2.16 (.93-4.99) (69)
Average 34.4 2.84 (1.25-6.45)+ (69)
Not Active 25.0 2.07 ( .76-5,61) (20)
(Act vs V.Act (1.09-5.39)+

*Risk - cumulative incidence - percent injured; relative risk - injury risk in
comparison level of fitness divided by the injury risk in the r rant level.

**Baseline (referant) level for comparisons.

+90% CI of these levels does not include one, so these levels can be
considered significant at p<.10.
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TABLE 12B. RELA T I VE RISKS* (RR) OF AN UPPER RESPIRATORY TRACT
INFECTION BY FITNESS LEVEL FOR MALE ARMY TRAINEES
WITH 90%. CONFIDENCE INTERVALS.

FITNESS MALES
MEASURES

Mile Time Risk RR* "IO% CI(n
_____(IEF -- rage 79

**Q1 Fast 19.0 1.00 (21)

Q2 20.0 1.04 ( .37-2.98) (20)
03 21.1 1.11 ( .39-3.13) (19)
Q4 Slow 57.9 3.05 ( .98.5.24) (19)
Slow(Q4 ) vs Fast(Ql,293) (1.14-3.89+)

Sel f -Assessed
Activity Level 124

"*Very Active 17.2 1.00 (29)
Active 21.5 1.60 ( .93-4.23) (51)
Average 35.2 2.04 ( .95-4.37)+ (37)
Not Active 42.9 2.44 ( .93-6.63) (7)
((Act vs V.Act) (1.00-4 .44)+

*Risk =cumulative incidence =percent injured; relative risk =1inJu r y r isk In
comparison level of fitness divided by the injury risk in the referant level.

**Baseline (referant) level for comparisons.

+90% CI of these levels does riot include one, so these levels can be

considered significant at p<.10.



TABLE 13. ARMY WIDE COMPARATIVE MORBIDITY FROM INFECTIOUS AND
PARASITIC DISEASE VERSUS PHYSICAL ACTIVITY ASSOCIATED
INJURIES* FROM COMPUTERIZED HOSPITALIZATION RECORDS*

INFECTION INJURY*

Number hospitialized 8200 5100
(n/yr)

Case rate 10.6 6.7
(n/1000 man-yrs)

Non-effective rate 1.9 3.8
(days/10,O00 man-days)
Total hospital days 53,000 110,000

(days/year)

* Physical Activity-Associated injuries - Injuries from Arnmy
Individual Patient Data System coded as Athletic and Sports
accidents, marching and drilling, falls or jumps, twisting
or turning, lifting, pushing or pulling accidents.

**Based on 1981 hospital (IPDS) data from Health of the Army
Supplements on Infectious and Parasitic Diseases and on Injury.
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TABLE 14. RISK (%) OF INJURY IN MALE ARMY TRAINEES AND HIGH
SCHOOL ATHLETES

AVG%
ACTIVITY %INJURED DURATION** /WK

M(WKS)

* ARMY BT 28 8 3.5
**ARMY BT 26 8 3.3

+ FOOTBALL HS 81 16 5.0
+ WREST'ING HS 75 12 6.3
+ TRACK HS 33 12 2.8
+ X-COUNTRY 29 12 2.4
+ BASKETBALL 31 12 2.6

*DZIADOS 1986; **BENSEL 1983; +GARRICK 1978

** DURATION = LENGTH OF SEASON IN WEEKS
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FIGURE 1. RISKS OF 1ST INJURIES BY WEEK
FOR MALE AND FEMALE ARMY TRAINEES
DURING 8 WEEKS OF BASIC COMBAT TRAiNING
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FIGURE 2. RISK OF 1ST ILLNESSES BY WEEK
FOR MALE AND FEMALE ARMY TRAINEES
DURING 8 WEEKS OF BASIC COMBAT TRAINING

PERCENT ILl. (%)
15

129

10

59 465
8

3.2

t482.4 

14 
2.2

0
2 3 4 5 0

WEEK CF TRAINING

FT JAt,KSON 1984, N - 3,0 (124 M, 180 F)



APPENDIX 1

COMPARATIVE DESCRIPTIVE CHARACTERISTICS
OF GRADUATING AND DISCHARGED

MALE AND FEMALE ARMY BASIC TRAINEES

A-1



MEANS AND STANDARD DEVIATIONS OF
DESCRIPTIVE CHARACTERISTICS FOR FEMALES

man mma
V!Ead ad

TOT CAL 2915.82 2210.36 *.060
Kcal 2884.64 1897.68

YRS E.X 3.97 8.98 .998
yra 4.e7 8.81

SELF- 2.62 2.57 .744
ASSESSMENT .90 .89
(Not active - very atIve)
(4 point scale)

AGE 21.17 21.33 .770
yra 3.14

HEIGHT 161.91 163.60 .142

WEIGHT 58.70 63.02 *.00k
6o 5.76 8.49

DMl 22.41 23.63 *.029
1.98 3.63

% BODY FAT 26.16 26.47 !.073
4.20 4.49

NEW HEIGHT 163.31 164.90 .142
Cm 6.68 6.6i

ATHLETIC 2.12 1.94 .111
STATUS .92 .92
(Varsity - non athlete, 4 point &.ab)

Marginally signlfcant, P c- .10
* significant, P c .05

FT JACKDON 1984

A 2)



p0ozrft tujLy Qg1jllju leproduction

MEANS AND STANDARD DEVIATIONS OF
DESCRIPTIVE CHARACTERISTICS FOR MALES

nmMan

ZRI6iL~ ad ad
TOT CAL 4712.03 8374.11 e.088

Kcal 4219.03 3882.74

YRS EX 4.86 8.66 *.107
yr. 3.98 3.64

SELF- 2.82 2.43 +.031
ASSESSMENT .86 .95
(Not active - wry active)
(4 point scale)

AGE 20.17 21.2 .162
yrs 2.73 4.04 *.087

HEIGHT 173.78 174.46 .625
cm 8.62 7.64

WEIGHT 73.67 75.54 -,,"-
19 (10.90) (12.64)

BMI 24.32 24.78 A90
(3.09) (3.67)

BODY FAT 16.96 16.79 .886
(4.87) (5,79)

NEW HEIGHT 178.16 176.86 .626
cm (6.62) (7.64)

ATHLETIC 2.46 2.29 .266
STATUS (.76) (.83)
(Vaur!ty - non athlete, 4 point scale)

Marginally slgnificant, P 4- .10
* elgnlficant, P c .06

FT JA KSON 1984
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APPENDIX 2

GRAPHIC DEPICTION OF THE ASSOCIATION
BETWEEN PHYSICAL FITNESS AND

RISK OF DISCHARGE FOR MALE AND FEMALE
ARMY BASIC TRAINEES
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RISK OF DISCHARGE FROM ARMY BT
VS EXERCISE HISTORY PRIOR TO ENLISTMENT

IN MALE TRAINEES
RISK OF DISCHARGE()

100

30.4
40

FTOSNg N I- p8

(N - , P - 40, 0 - 108),OHI SO, P -.02



RISK OF DISCHARGE FROM ARMY BT
VS RECENT ACTIVITY LEVEL

IN MALE TRAINEES
RISK OF DISCHARGE () ______________

70

80 -4.

50

40
28

30 17.7
14.7

20 ff 2~
I LuI .1

N\OT ATIVE No ATIVE VERY ACTIVE

ACTIVITY LEVEL

FT JA/KPON, 1Q84, N - 160
(NA - 13.A/G - 30,A - 2,N^A 34)
CHI 80, P -0.08
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RISK OF DISCHARGE FROM ARMY BT
VS EXERCISE HISTORY PRIOR TO ENLISTMENT

IN FEMALE TRAINEES
RISK OF DISCHARGE()

s0

34.5
40

30 - rl*:".'.." -213
........ 17.0

20

10

NEVER PAST ()JRENT,

EXERCISE HISTORY

f38 mos PRIOR TO ENLISTMENT
FT JACK<SON,1984. N - 236
(N - 29, P - (31, C - 1453)HI SO, P -. 13
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RISK OF DISCHARGE vs % BODY FAT
IN FEMALE ARMY TRAINEES

FT JACKSON 1984
% DISCHARGED

40

2T
30

20
16.4

20

01 EA 02 - 03 0 4 FAT

% BODY FAT BY QUARTILE

N - 186

A- 8



APPENDIX 3

DESCRIPTIVE CHARACTERISTICS OF MALE AND
FEMALE ARMY TRAINEES WITH MEDIAN,

RANGE AND CUTPOINTS FOR THE 1ST AND 3RD
QUARTILES OF KEY VARIABLES



DESCRIPTIVE CHARACTERISTICS
OF FEMALE ARMY TRAINEES

QUIPOINT
TI.EM MEDAN 03+

AGE 20.0 17-29 19.0 22.0
yre

HEIGHT 163.4 150-178 158 167
cm

WEIGHT 69.0 43-73 55.0 62.8
kg

%BF 26.1 14-37 22.4 28.4

BMI 22.6 18-27 21.1 23.6
1 MILE 9.8 6.0-16.3 9.0 10.4

mins
oIT-UPS! s0.u 6-66 30.0 46.0

reps/2min
PUSH-UPSi 11.0 1-30 5.0 17.0

repei2mln
2 MILE 18.1 13-22 17.0 19.3

mins
SIT-UPS2 61.0 19-72 43.0 57.0

reps/2min
PUSH-UPS2 17.0 5-40 13.0 21.8

reps/2min
TOTAL CAL 1860 20-16K 1050 3665

Kcal
YRS EX 3.0 0-27 1.6 8.4

yrs

* Quartile number 1
+ Quartile number 3

FT JAC-SON 1984

A- 1 )



DESCRIPTIVE CHARACTERISTICS
OF MALE ARMY TRAINEES

LIM M RANGE Q- 93

AGE 19 17-31 18.0 21.0
yre

HEIGHT 174.4 168-194 170 180
cm

WEIGHT 73.0 53-103 66.0 80.8
k9

%5F 16.6 7-29 13.1 20.6

BMI 23.7 19-31 22.1 26.5
1 MILE 7.0 5.9-11.5 6.4 7.7

SIT-UP81 52.0 16-99 46.0 64.0
reps/2mln

PUSH-UPS1 31.0 4-53 26.5 36.0
reps/2mln

2 MILE 14.2 12-19 13.3 15.5
mine

8IT-UPS2 64.0 26-78 48.0 69.5
reps/2min

PUSH-UPS2 35.0 10-61 30.0 42.5
repe/2mln

TOTAL CAL 3600 30-1!K 1540 6285
Kcal

YRS EX 3.7 0-20 2 7
yre

* Quartlk) number 1
Quartile number 3

FT JACKSON 1984

A-1 I



APPENDIX 4

GRAPHIC DEPICTION OF THE ASSOCIATION OF
PHYSICAL FITNESS, ACTIVITY AND

ANTHROPOMETRIC VARIABLES WITH
RISK OF INJURY AMONG MALE AND FEMALE

ARMY BASIC TRAINEES
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AS0cInON OF HAIURY WITH- MILE RUIN ThE ASSWACI~ON OF IIJJRy W7llI LE RUN TUE
IN FEMALE AWAY TRLAINEES IN MALE ARMY TRLAIIEES

FAS OF 94"Y (5) R8K OF *&AIRY (%I

67.

14.

0 0 &
01 F87EN 03 as 04 a8TE 1FG~fT 0 9 0 ~w

WAE RUN4 T1ME BY QUARTILE MLE RLJ TIME BY QUARTILE

SLW T JPDK0c4 1964. n - V40 PTCK0 JAD 0 4.n - TO g$

1L#00.04) P8W0t1. M - IT an" 8.041 %* PAU3Qh 0) -AM

AS8OCAl1ON OF INXUFY WITH PUSH-UP ASOAlON OF INXJRY WITH PUSH-UPS
IN FEMALE ARMY TRAMNES IN MALE ARMY TRAINEES

9FlaK CO- 94"Y (S) 60FNSK OF *4JJy (S)

to 20

0 mu -C1 Im

0 ~4PSO 07 03 0 LCOW Rips 01 O I4 PS 02 (A 04 LOW~ REPO

PUSH-UJP REPETITIONS By QUARTILE PLIS-J REPETITIO14S BY QUARTILE
EMUA 110D4 " Em ULM - 81r

FT 4.43(0N 044, n(. 08 F7 JAOKA(4 W",. . 07
Lcp'd3 .1.4) % c HCMt3 ). Fl -1 L~O 0143 A t40i), *A-

"00100 -2S)P4 1 W *04 9 -003

ASSOM71~ON OF INJURY WITH 8IT-UPS ASOIAT M ARM4JY IT-H FJNEES I

IN FEMAEAM RNE NMALE ARMY TRAINEES

so 8 OF INJURY' (S) s Io 1K OF gWURkW 1

4&6 00,

00 17.4
3009

EMT4J E U ANII - 00 r" I'F R P ITO YO N TL

F7 JA'0(OC4 i044 fl 8kUA 2r

(I r41 ,O5043 A 'tOHf8T101. "$*1
O0 o306 - 2). p f IAVC A.-@

A--]



ASSOCIATION OF INJURY WITH
SELF-ASSESSED ACTIVITY LEVEL

IN MALE ARMY TRAINEES
RISK OF INJURY (%)

o
42-r

50
36.1

40 "

26.5

20

10

INACTIVE n-7 A'ERAGE n-37 ACTIVE n-51 V ACVL n-29

SELF-ASSESSED ACTIVITY LEVEL

FT JACKSON 1984. n - 124
(NA,A'G) vs (ACT.'A). RR • 1.0

90% 0:(1.0 - 2.0). P (.1

ASSOCIATION OF INJURY WITH
SELF-ASSESSED ACTIVITY LEVEL

IN FEMALE ARMY TRAINEES
RISK OF INJURY (%)

80

{ 6 62.2

00 / "5 484 48.6

40

20 \

0[
IfACTIVE n-20 ,/ERAt3E n-04 ACTIVE n-b9 V ACTIVE n- 3;"

SELF-ASSESSED ACTNI 'r LVEL

FT JAOKSON 1984, n - 180
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ASSOCIATION OF INJURY WITH HEIGHT ASSOCIATION OF INJURY WITH HEIGHT
IN FEMALE ARMY TRAINEES IN MALE ARMY TRAINEES

K OF INJJRY (%) RISK OF INJURl' 1%)

01.2

63.8 64.8

302 31.8

242

Q1 9HORT 02 03 04 TALL

HEIGHT BY QUARTILE oi SHORT 02 03 04 TALL

MEDAN. 183.4 cm HEIGHT BY QUARTILE
FT JAOCKSON 1984. r - 186 E MEIAN - 176.4 rn

W*ORT01) 4 ;wk03). RR - 2 0
00% 0 -( 3 - 31).P - 0o6 FT JCS9ON 19B4, n - 123

ASOCAllON OF INJURY WITH BI- ASSOCIATION OF INJURY WITH BMI*
IN FEMALE ARMY TRAINEES IN MALE ARMY TRAINEES

115K 0F INJJRY (%I RISK OF INJURY (%)

03

9B 3 33
1.,a.0

13837
36,F

I1M 17,2

01 LEN 02 03 04 FAI 01 LEAN 02 Q3 Os FAI

BODY tMASS INDEX BY QUARTILE BOaY MASS INDEX BY QUARTILE
E MEDIAl. - 2215 L2 MEDAlN - 23.7

FT JACOV]C i 1904, r - 16f.-I)4i-(WT/HI-H1 ! J 14, I SA. r - 124.-D, V (WTIHT"HHf)
FA~lOSI A' 0 (0 2.03, RO * 1 FAT(04I w A,3(Q2,0"31. R * 22

90 ~ ~ ~ ~ ~ ~ 0 0(1- 9) 1 0012 -9.-03



APPENDIX 5

COMPARISON OF PHYSICAL CHARACTERISTICS
AND FITNESS

OF MALE AND FEMALE ARMY TRAINEES
FROM 3 STUDIES



COMPARISON OF PHYSICAL CHARACTERISTICS
AND FITNESS

OF MALE AND FEMALE ARMY TRAINEES
FROM 3 STUDIES

YBA=L EWMA=E MALU BAflQ

1.6 MILE RUN F/M

(post training)

WITH N u 1346 N - 426

SL BOOT * 11.02min 13.61min 1.23

WITH N - 728 N a 1,442

HW BOOT 11.03min 13.40rin 1.21

• Standard leather boot.
Hot weather tropirai' boot.

PATIQN 198

YARIA=L -E L M& BAIJ
N-67 F1KI"

AGE (yre) 19.7 19.6 1.00

HT (cm) 159.9 172.8 .92

WT (kg) b6.9 69.6 .81

BODY FAT (%) 28.2 16.3 1 73

V0 2 MAX
(m/kg-min) 36.9 50.7 .72

PRE-MWLE RUN (min)
(with boots) 11.97 8.20 1.34

POST-MILE RUN (min)

(with boots) 9.40 7.38 1.27

A-1 7



VOGE;L 1916

N w212 N-210 F/M

AGE (yr.) 19.7 19.7 1.00

HT (cm) 162.0 174.7 .93

WT (kg) 68.6 70.6 .83

BODY FAT (%) 28.4 15.8 1.82

VOI MAX
(mVkg.min) 87.6 61.1 .73



APPENDIX 6

BMDP STATISTICAL PACKAGE OUTPUT
FOR LOGISTIC REGRESSION MODELS OF

THE RELATIONSHIP BETWEEN
INJURY AND DEMOGRAPHIC, ANTHROPOMETRIC

AND PHYSICAL FITNESS FACTORS

,\ -! (



PA E 33 8MDPLR LOGISTIC REO WITH VARIABLES INTO THE EQUATION

STEP NUMUER 0

LOG LIKELIHOOD - -117.895
' O E~S OF FIT CHI-SO (2*J,,LN(0/E)) 2 233.017 D.F.- 171 P-VALUS .0.001

: OrNESS OF FIT CHI-S0 ( C. C. BROWN 0 - .000 D. F. q, 0 P-VALUE= 1. ,00

STANDARD

TERM COEFFICIENT ERROR COEFF/S.E. EXP(CEFFICIENT)

CONSTANT -0. 47184 0. 1.545 -3. 053 0. 6234

STATISTICS TO ENTER CR REMOVE TERMS
---------------------------------

APPROX. APPROX.

TERM F TO D.F. D.F. F TO D.F. D.F.
ENTER REMOVE P-VALU-

SE; 11.03 1 175 0.0011

I 0. P2 2 174 0. 4403

R0A '. O. -22 2 174 0.8001

AT,-3T,T 0. 39 3 173 0. 7. '3;

ASSESS 0. 10 3 173 0. 9607

HT 4."4 2 174 0. 0122
WT -1t4 2 174 . C7

"
7

M "-TiM 15 .01 1 175 0. ,-
.vTza 7.S4 2 174 0. 0'o005

PI H S. . 174 . '
,,-. E F 5. I 2 174 .,' .-
CC' SjTANIT ,02 0 7-- ." (

CONSTANT IS IN ,1-4Y 4'T 2E QE i'OV"E

4444~*4-t~i4**** ~*** ~*~+4**4
* rIME USED IS &4. 40 SECONDS 4

BMDP: Step ise logistic regression model of injury versus sex, age, race, athletic status,

self-assessed phys activity, height, weight, miletime, situps, push-ups, percent

body fat.

A-20



PAE 34 8MDPLR LOGISTIC REG. WITH VARIABLES I.. INTO THE EQUATION

STEP NUMBER I MILTM IS ENTERED

LOQ LIZELIHOOD = -111.006
:,FROVEMENT CHI-SQUARE ( 2*(LN(MLR) ) - 13.779 D.F. -_ I P-VALUE= 0.000
O.INESS OF FIT CHI-SO (2*ONLN(O/E)) 219. 239 D.F. - 170 P-VALUE- 0. 007
"0CNE S OF FIT CHI-SQ ( C. C.ROWN ) 0.000 D.F. - 0 P-VALUE- 1. 000

STANDARD
TERM COEFFICIENT ERROR COEFF/S.E. EXP(COEFFICIENT)

MIL"M 1.2559 0.3439 3.652 3.511
CO NSTAt'T -0. 86642 0. 1959 -4. 4 22 0. 4205

CORRELATION MATRIX OF COEFFICIENTS

MILTM CONSTANT

M I L'M 1.000
CO;.ATANT -0. 570 1. C00

STATISTICS TO ENTER OR REMOVE TERMS

APPROX. APPROX.
TERM F TO D.F. D.F. F TO D.F. D F.

ENTER REMOVE P-VAL',UE

SEX 2.52 1 174 0.1145
.E .45 2 173 0.6413

PA;E 0.11 2 173 0. 891S
A7..TAT 0. 63 3 172 0. 5=75

0. 04 3 172 0. 939"
HT 1.22 2 173 0. 2967
WT 0.21 2 173 0. 812.

13. 19 1 174 0.0004
SITUP 3.97 2 173 0. 020

2. 90 2 173 0. 0520
NJEwPERBF 1.94 2 173 0. 1472
, ,'J. TANT 19.33 1 174 0. 0000
COSTANT IS IN MAY NOT -E CE",OVED

* "rME USED IS 49. 13 SECONDS *

A-21



PA4E 35 IP .R LOGISTIC AEQ. WITH VARIA'LES . ' INTO THE EQUATION

=TE.P NUMBER 2 SITUP IS ENTERED

LOG LIKELIHOOD a -107.050
IMakOVEMENT CHI-SQUARE (2*tLN(MLR) ) - 7.912 D.F.- 2 P-VALUIE" 0,019
.O1.NESS OF FIT CHI-S- (2*0,*LN(O/El) = '2il.327 D.F."-168 P-VALi= 0. 0,13
1O;,CNES3 OF FIT CHI-SO (HOSMER-LEMESHOW)- O. e09 D.F. - 4 P-VAL(- ., 0. 937
•ONESS OF FIT CHI-SO C C. C. BROWN ) " O.909 D.F.- 2 P-VALUr= 0. 667

STANDARD
TERM COE-FICIENT ERROR COEFF/S.E. EXP(COEFFIC!ENT)

tlLTM O. C3701 0. 3733 2. 510 2. 5g.
s ITVP (1) -0 7177!E-01 0. 3q92 -0.1799 0.9207

(2) -i.07e6 0.4445 -2.427 O.340"
CONSTANT -0.29740 0.3424 -1.161 0.67:2

-:Z"=ELATION MATRIX OF COEF,€.I.:ENTS

mI LTm' SITIJ4:' 'll SITUP(2) ,CO'NGTANT

1.0 0
S..r'"' )O 24A Q °

.';Ti.'P 21) 0. 336 0 7. ,

"c -ONSTAT-0. 5 a 7 00

:STIZS "03 E'4TER OR RCE'v, T.mMS

APPROX APPROX.
TERM F TO 0 F. OF. F TO D.F. D.F.

ENTER REMSOVE P-VALUE

- 0. '2 1 172 0. 4'*1U
0. SO n 171 0. 691'

R 0'.E 0. 17 z 171 0. 64.%i
,TP TAT 1.25 3 170 0. 29:114
ASESS 0. 10 3 170 0. 9-
HT 0.46 2 171 0. 629b

.T .04 2 171 0. 5S ,
M16TM 6,15 1 172 O.O141

. p 3,64 2 171 ). ,'
PSj 1.44 2 171 0.

0. 77 2 171 0. 465z
Ci~N 1. 312 1 172 0. 2153,*

C.1 =-TANT IS IN MAY N-T GE,"7, ,E,0VE

..0 -EPM PASSES THE REMOVE AND E;NTER LIMITS 0 , 't500 0 tO '

• ,-IE USED IS 53 9e SECNDS * A-22



I

•aC 18 RVPLR LOOISTIC REG. WITH VARIABLES INTO THE EQUATION

VTS NUJtARER 0

LOO LIKELIHOOD - -165. 139
,0.",:NESS OF FIT CHI-SO (2* *LN(O/E)) - 324.7:33 D.F. - 237 P-VALUE- O. 0¢.-,"
^P0:.VNS2 O r FIT CHI-SO ( C. C. EROWN ) - 0.000 D. F. ='- 0 P-VALUE- 1. OC',

STA NDARD

TERM COEFFICIENT ERROR COUFF/S.E. EXP(CC- FIC!NI T

Z. "4TANT -0. 26464 0. 132 -2. 601 0. 6944

-T:ITICS MO ENTER OR P, OVE TERMS

APPROX APFROX
TER.M F TO D. F. D. F F TO D, F D. F.

ENTER P 0 V;o P -"'VALUE

SE 11.47 1 242 0. 0005
1.08 2 241 0. 34Z-3
0. 16 2 241 0. S,4 9,S
.AL 10 241 C, 334o-e,( 2,,,1 ,,7

' --ER 0. 13 , .41 ' ,7.
4-tc.TAT 1.79 3 240 0 15'.

0 e9 2' 40 0. 44C-
-T 4.91 2 241 C. $CC

247 .48 2 .41 O. C,=.
4. 50 -'41' . 01i

:".7.. A C0 S_
•'Ti T T.5 rN Mt;Y :'JCT EE ,'.,

-: 'SED IS 45. 20 "'-.Ns'

EHOP: Stepvise logistic regression model for injury versus sex, age, race, total cal per
wk of exercise, yrs of exercise, athletic status, self-assessed physical activity,
height, weight, percent body fat.
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PA.- 19 2,9PLR LOGISTIC REG. WITH VARIABLES . INTO THE EGUATION

iT' :4 NQMBE, 1 SEX IS ENTERED

LOG LIKELIHOCD - -1!9. ,20
!M-;OVE!SNT CHI-SQUAPE ( 2*"LN(MLR) ) - l1.237 D.F.- 1 P-VALI..E= 0. C:,
7TnCNESS OF FIT CH - Q (2 'LN(O/E)) - 313. %c6 D.F.--236 P-VAL'.E= .Cr
* :..3 s O" FIT CHI-SG ( C. C. OWN = 0. 0 :C D. F. - 0 P-VALUE= I. OCO

STANDARD
TERM COEFFICIENT ERROR COEFF/S.E. EXP(COEFFICIENT)

0 00287 O.2746 3.288 2. 467
"C-,-CTANT -0. 0287 0. 2164 -4. 171 0. 4054

.:2-' ELATION MATRIX OF COEFFTr.ENTS

SEX CONSTANT

1. 000.W'".TAIT -0. 76a 1.",'

" C.";TEP OR REMOE,:" T ,'t-

APPP.OX APPROX.
TE .M F TO D.F D.F W TO D.F. D F.

ENTER REOVE P-VALUJE

10,. 7 2 1 241 . 001.2
'. .-. 2 240 0. 6762

0. 20 2 240 0. 8183
"D 7.,AL 0. 41 2 24, 3. 6654
- O. 20 2 24J 0. 7575

AT-STAr 1.43 3 Z.39 0. 2"'
---_SS 0. 79 3 239 0. 50

1. 03 2 240 0. 352a
T .32 2 240 0. 7293

E. "  0. 43 2 -4O C. 52.
"-T NT IT.. 2t 1 241 0. 0000

C..STANT IS IN MAY ?NCT BE REMOVE[,

r74M PAS-S THE REMOVE AN'. ENTER LIMITS ( 0. 1!00 0. 1000

IME '.SED IS 51 45 SECONDS *
tt4 ~i. . 0*40444 *-* $4 4404

A- 24



-I

- , ~20 B'DPLR LOOISTIC REG. WITH VARIABLES . INTO THE EQUATION

T.',','4ARY OF STEPWISE RESULTS

I--I..-T -R M LOG IMPROVEMENT GOODNESS OF FIT
Ne.. ENTErED REMOVED DF LINELIHOOD CHI-SQUARE P-VA'L CHI-SQUAFE P--''AL

V -165. 139 324. 713 0. ,.0oo'
I SEX 1 -159.520 11.237 0.001 313.496 0.001

:'. ER OF !NTEGER WOR'S OF STCRAGE USED IN FRECEDING PROBLEM 12552
.- J TIME US- 54. 450 SE.ONDS

A-25



APPENDIX 7

PHYSICAL ACTIVITY AND FITNESS
QUESTIONNAIRE

A Th
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APPENDIX 8

COMPARISON OF INITIAL ANTHROPOMETRIC
IND FITNESS MEASUREMENTS OF WOMEN

IN THE TWO SEPARATE COMPANIES
INVOLVED IN THIS STUDY

A -'
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